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FOREWORD 

In  presenting  for  1941  the  eighteenth  edition  of  The  Radio  Amateur’ s  Hand¬ 
book  the  publishers  again  express  the  hope  that  it  will  be  found  as  helpful  as 
previous  editions  and  will  enjoy  as  whole-hearted  a  reception  at  the  hands  of 
the  amateur  fraternity. 

From  modest  beginnings  in  1926  the  Handbook  has  had  an  inspiring  success, 
running  now  to  eighteen  editions  in  thirty  printings  and  a  total  distribution 
well  over  six  hundred  thousand  copies.  lts  fame  has  echoed  around  the  world. 
Schools  and  technical  classes  have  adopted  it  as  a  text;  quantity  orders  have 
comc  from  many  a  foreign  land.  But  most  important  of  all,  it  is  the  right-hand 
guide  of  practical  amateurs  in  every  country  of  the  globe.  This  success  derives 
in  considerable  measure  from  the  splendid  coöperation  we  have  always  re- 
ceivcd  from  practicing  amateurs  everywhere,  for  which  we  remain  grateful. 

Devoted  to  a  fast-moving  and  progressive  Science,  it  is  only  natural  that 
throughout  its  life  the  Handbook  should  have  required  sweeping  and  virtually 
continuous  modification.  Since  the  very  beginning  a  strenuous  attempt  has 
been  made  to  keep  the  book  as  up  to  date,  as  accurate  and  as  reliable  as  is 
humanly  possible.  A  studious  efïort  has  been  made  to  restrict  the  material  to 
modern,  sound  and  well-tried  practice.  Having  always  had  somewhat  the 
character  of  an  annual  review  of  time-tried  and  proven  methods  in  apparatus 
construction  and  operation,  the  Handbook  has  never  provided  a  place  for 
freaky  circuits  or  methods.  As  any  practicing  amateur  is  well  aware,  there  is 
an  almost  infinite  number  of  ways  of  accomplishing  a  given  result  in  his  sta¬ 
tion  —  some  good,  some  poor,  many  indifferent.  Our  editorial  task  has  there- 
fore  been  basically  one  of  selecting.  It  has  been  necessary  to  eliminate  from 
the  enormous  wealth  of  ideas  on  technique,  methods  and  procedure,  all  those 
that  have  not  proved  themselves  by  successful  application  in  practice. 

For  many  editions  back,  the  annual  revision  of  the  Handbook  has  been  a  sort 
of  family  affair  of  the  headquarters  staff  of  the  American  Radio  Relay  League 
at  West  Hartford.  Most  of  the  technically-skilled  specialists  on  the  League’s 
staff,  men  who  have  earned  tlieir  spurs  in  amateur  radio,  have  participated  in 
its  revision.  The  present  edition  has  seen  a  general  rewriting  and  the  addition 
of  nearly  two  hundred  new  illustrations,  while  dozens  of  new  pieces  of  appa¬ 
ratus  were  specially  designed  and  constructod  —  and  tested !  Prcpared  under 
the  general  technical  editorship  of  Mr.  George  Grammer,  QST’s  technical  ed- 
itor,  and  with  major  contributions  by  him,  the  present  work  also  represents 
many  montlis  of  labor  on  the  part  of  Messrs.  Donald  H.  Mix  and  Byron  Good¬ 
man,  QST’s  assistant  technical  editors;  Mr.  Clinton  B.  DeSoto,  assistant  sec- 
rctary  of  the  League;  and  Mr.  Vernon  Chambers,  in  charge  of  QST’s  techni¬ 
cal  information  service.  The  station-operating  material  of  course  is  contrib- 
uted  by  the  League’s  Communications  manager,  Mr.  Francis  E.  Handy.  The 
actual  production  of  the  book  has  been  on  the  broad  shoulders  of  Mr.  Clark  C. 
Rodimon,  QST’s  managing  editor. 

In  this  edition  we  retain  last  year’s  plan  of  rearranging  the  material  for  the 
greatest  benefit  of  the  various  classes  of  Handbook  users,  and  a  few  words  of 
explanation  may  be  in  order.  First,  from  a  reference  to  the  contents  page  it 
will  be  seen  that  the  book  is  divided  into  sections:  introductory,  principles, 
the  construction  and  use  of  equipment,  antennas,  and  so  on.  Within  these 
sections  there  continues  to  be  a  more  extensive  subdivision  into  chapters  than 


in  the  past,  for  the  purpose  of  segregating  the  material  in  which  various  groups 
of  users  will  be  more  particularly  interested,  For  example,  the  elements  of  a 
lecture  or  study  course  in  radio  will  be  found  by  taking  Ghapters  3  to  6,  11, 
17,  21  to  24,  and  26.  Design  information  particularly  valuable  to  amateurs  who 
plan  their  own  equipment  is  given  in  Chapters  4  to  6,  and  20.  Adjustment  and 
“trouble-shooting”  have  been  segregated  for  transmitters,  receivers  and 
’phone,  respectively,  in  Chapters  9,  14  and  16,  to  make  these  important  treat- 
ments  more  readily  available  not  only  for  those  who  are  building  new  equip¬ 
ment  but  for  those  who  already  have  satisfaetory  apparatus.  At  the  end  of 
each  chapter  on  the  construction  of  equipment  there  is  a  bibliography  of 
articles  in  QST  in  which  will  be  found  more  extensive  descriptions  of  some  of 
the  pieces  of  apparatus  described  in  this  edition.  References  to  these  bibfiog- 
raphies  will  be  found  frequently  in  the  text  and  take  such  a  form  as  (Bib.  5), 
which  means  that  the  fifth  item  in  the  bibliography  at  the  end  of  that  par- 
ticular  chapter  will  give  a  reference  to  a  QST  article  describing  the  particular 
piece  of  gear  in  somewhat  greater  detail.  It  should  perhaps  be  pointed  out 
that,  to  facilitate  reference,  the  illustrations  herein  are  serially  numbered  in 
each  chapter  and  with  the  first  digit  indicating  the  chapter  number.  Thus, 
Fig.  812  can  be  readily  locatod  as  the  twelfth  illustration  in  Chapter  8. 
Finally  it  should  be  mentioned  (because  many  amateurs  do  not  seem  aware 
of  it!)  that  this  Handbook  has,  at  the  end  of  its  reading  pages,  a  comprehensive 
and  carefully-prepared  index,  which  will  lead  the  reader  quickly  to  the  treat- 
ment  of  a  subject  of  particular  interest. 

One  feature  of  the  Handbook  which  has  been  growing  steadily  in  importance 
is  the  quite  extensive  eatalog  advertising.  We  recognize  that  it  is  generally  not 
regarded  as  good  form  to  make  editorial  reference  even  to  the  existence  of 
ad  vertising,  but  this  case  we  believe  to  be  different.  To  be  truly  comprehensive 
as  a  handbook  —  to  fill  all  the  functions  one  visualizes  with  the  word  “hand¬ 
book” —  this  book  must  bring  the  reader  data  and  specifications  on  the 
manufactured  products  which  are  the  raw  material  of  amateur  radio.  Our 
manufacturers  have  collaborated  with  us  in  this  purpose  by  presenting  here 
not  mere  advertising  but  eatalog  technical  data.  The  amateur  constructor 
and  experimenter  will  find  it  convenient  to  possess  in  such  juxtaposition  both 
the  constructional  guidance  he  seeks  and  the  needed  data  on  available  equip¬ 
ment,  since  both  are  necessary  ingredients  of  the  complete  Standard  manual  of 
amateur  high-frequency  communication. 

It  is  but  natural  that  we  here  shall  all  feel  very  happy  if  this  edition  of  the 
Handbook  brings  as  much  assistance  and  inspiration  to  amateurs  and  would-be 
amateurs  as  have  its  predecessors. 

Kenneth  B.  Warner 
Managing  Secretary,  A.R.R.L. 

West  Hartford,  Conn. 

November,  1940 
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THE  AMATEUR  S  CODE 


ƒ  The  Amateur  is  Gentlemanly.  He  never  knowingly 
uses  the  air  for  his  ovvn  amusement  in  such  a  way 
as  to  lessen  the  pleasure  of  others.  He  abides  by  the 
pledges  given  by  the  A.R.R.L.  in  his  behalf  to  the 
public  and  the  Government. 

The  Amateur  is  Loyal.  He  owes  his  amateur  radio 
to  the  American  Radio  Relay  League,  and  he  offers 
it  his  unswerving  loyalty. 

3  The  Amateur  is  Progressive.  He  keeps  his  station 
abreast  of  Science.  It  is  built  well  and  efficiently. 
His  operating  practice  is  clean  and  regular. 

The  Amateur  is  Friendly.  Slow  and  patiënt  sending 
when  requested,  friendly  advice  and  counsel  to  the 
beginner,  kindly  assistance  and  coöperation  for  the 
broadcast  listener;  these  are  marks  of  the  amateur 
spirit. 

The  Amateur  is  Balanced.  Radio  is  his  hobby.  He 
never  allows  it  to  interfere  with  any  of  the  duties  he 
owes  to  his  home,  his  job,  his  school,  or  his 
community. 

The  Amateur  is  Patriotic.  His  knowledge  and  his 
station  are  always  ready  for  the  service  of  his 
country  and  his  community. 


Story  of  Amateur  Radio 

How  It  Startcd  —  The  Part  Played  hy 
The  A.R.R.L. 


jAmateur  radio  represents,  to  some  seventy 
thousand  people,  the  most  satisfying,  most 
exciting  of  all  hobbies.  Over  50,000  of  these 
enthusiasts  are  Iocated  in  the  United  States 
and  Canada,  for  it  is  this  continent  which 
gave  birth  to  the  movement  and  which  has 
ever  since  represented  its  stronghold. 

When  radio  broadcasting  was  firat  intro- 
duced  to  the  public  some  years  ago,  it  instantly 
caught  the  fancy  of  millions  of  people  all  over 
the  world.  Why?  Because  it  fired  their  imagi- 
nation  —  because  it  thrilled  them  to  tune  in  on 
a  program  direct  from  some  distant  point,  to 
hear  speech  and  music  that  was  at  that  mo¬ 
ment  being  transmitted  from  a  city  hundreds 
and  even  thousands  of  miles  away.  To  be  sure 
there  was  also  a  certain  amount  of  entertain¬ 
ment  value,  and  it  is  true  that  as  the  years 
have  passed  this  phase  has  become  paramount 
in  the  minds  of  most  listeners;  yet  the  thrill  of 
“DX”  is  still  a  major  factor  in  the  minds  of 
hundreds  of  thousands  of  people,  as  witness 
the  present  popularity  of  international  short 
wave  reception  of  foreign  programs. 

That  keen  satisfaction  of  hearing  a  distant 
station  is  basic  with  the  radio  amateur  but  it 
has  long  since  been  superseded  by  an  even 
greater  lure,  and  that  is  the  thrill  of  talking  with 
these  distant  points!  On  one  side  of  your  radio 
amateur’s  table  is  his  short-wave  receiver;  on 
the  other  side  is  his  private  (and  usually  home¬ 
made)  short-wave  transmitter,  ready  at  the 
throw  of  a  switch  to  be  used  in  calling  and 
“working”  other  amateurs  in  the  United 
States,  in  Canada,  Europe,  Australia,  every 
corner  of  the  globe!*  Even  a  low-power  trans¬ 
mitter  makes  it  possible  to  develop  friend- 
ships  in  every  State  in  the  Union.  Of  course, 
it  is  not  to  be  expected  that  the  first  contacts 
will  necessarily  be  with  foreign  amateurs. 
Experience  in  adjusting  the  simple  transmitter, 
in  using  the  right  frequency  band  at  the  right 
time  of  day  when  foreign  stations  are  on  the 
air,  and  practice  in  operating  are  necessary  be- 
fore  communication  will  be  enjoyed  with  ama¬ 
teurs  of  other  nationalities.  But  patience  and 
experience  are  the  sole  prerequisites;  neither 
high  po wer  nor  expensive  equipment  is  required. 

*  Because  of  the  current  international  situation,  communi¬ 
cation  hy  U.  S.  amateurs  with  foreign  countries  is  tempora- 
rily  forbidden. 


Nor  does  the  personal  enjoyment  that  co  mes 
from  amateur  radio  constitute  its  only  benefit. 
There  is  the  enduring  satisfaction  that  comes 
from  doing  things  with  the  apparatus  put  to- 
gether  by  one’s  own  skill.  The  process  of  design- 
ing  and  constructing  radio  equipment  develops 
real  engineering  ability.  Operating  an  amateur 
station  with  even  the  simplest  equipment  like- 
wise  develops  operating  proficiency  and  skill. 
Many  an  engineer,  operator  and  executive  in 
the  commercial  radio  field  got  his  practical 
background  and  much  of  his  training  from  his 
amateur  work.  So,  in  addition  to  the  advan- 
tages  of  amateur  radio  as  a  hobby,  the  value  of 
systematic  amateur  work  to  a  student  of  al- 
most  every  branch  of  radio  cannot  well  be 
overlooked.  An  increasing  number  of  radio 
services,  each  expanding  in  itself,  require 
additional  personnel  —  technicians,  operators, 
inspectors,  engineers  and  executives  —  and  in 
every  field  a  background  of  amateur  experience 
is  regarded  as  valuable. 

Amateur  radio  is  as  old  as  the  art  itself. 

There  were  amateurs  before"  the  present 
century.  Shortly  after  the  late  Guglielmo  Mar- 
coni  had  astounded  the  world  with  his  first 
experiments  proving  that  telegraph  messages 
actually  could  be  sent  between  distant  points 
without  wires,  they  were  attempting  to  dupli- 
cate  his  results.  Marconi  himself  was  probably 
the  first  amateur  —  indeed,  the  distinguished 
inventor  so  liked  to  style  himself.  But  amateur 
radio  as  it  has  come  to  be  known  was  born  when 
private  citizens  first  saw  in  the  new  marvel  a 
means  for  personal  communication  with  others 
and  set  about  learning  enough  of  the  new  art 
to  build  a  homemade  station. 

Amateur  radio’s  subsequent  development 
may  be  divided  into  two  periods:  pre- war  and 
post-war. 

Pre-war  amateur  radio  bore  little  resem- 
blance  to  the  art  as  it  exists  to-day,  except 
in  principle.  The  equipment,  both  transmitting 
and  receiving,  was  of  a  type  now  long  obsolete. 
The  range  of  even  the  highest-powered  trans- 
mitters,  under  the  most  favorable  conditions, 
would  be  scofied  at  by  the  rankest  beginner 
to-day.  No  United  States  amateur  had  ever 
heard  the  signals  of  a  foreign  amateur,  nor 
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had  any  foreigner  ever  reported  hearing  an 
American.  The  oceans  were  a  wall  of  silence, 
impenetrable,  isolating  us  from  every  signal 
abroad.  Even  transcontinental  DX  was  ac- 
complished  in  relays.  “Short  waves”  meant 
200  meters;  the  entire  wavelength  spectrum 
below  200  meters  was  a  vast  silence  —  no  sig¬ 
nal  ever  disturbed  it.  Years  were  to  pass  before 
its  phenomenal  possibilities  were  to  be  sus- 
pected. 

Yet  the  period  was  notable  for  a  number  of 
accomplishments.  It  saw  the  number  of  ama¬ 
teurs  in  the  United  States  increase  to  approxi- 
mately  4,000  by  1917.  It  witnessed  the  first 
appearance  of  radio  laws,  licensing,  wave¬ 
length  specifications  for  the  various  services. 
(“Amateurs? — oh,  yes  —  well,  stick  ’em  on 
200  meters:  it's  no  good  for  anything;  they’11 
never  get  out  of  their  own  back  yards  with  it.”) 
It  saw  an  increase  in  the  range  of  amateur 
stations  to  such  unheard-of  distances  as  500 
and,  in  some  cases,  even  1,000  miles,  with 
U.  S.  amateurs  beginning  to  wonder,  just  be¬ 
fore  the  war,  if  there  were  amateurs  in  other 
countries  across  the  seas  and  if  —  daring 
thought !  —  it  might  some  day  be  possible  to 
span  the  Atlantic  with  200-meter  equipment. 
Because  all  long-distance  messages  had  to  be 
relayed,  this  period  saw  relaying  developed  to  a 
fine  art  — -  and  what  a  priceless  accomplish- 
ment  that  ability  turned  out  to  be  later  when 
the  government  suddenly  needed  dozens  and 
hundreds  of  skilled  operators  for  war  service! 
Most  important  of  all,  the  pre-war  period  wit¬ 
nessed  the  birth  of  the  American  Radio  Relay 
League,  the  amateur  organization  whose  fame 
was  to  travel  to  all  parts  of  the  world  and 
whose  name  was  to  be  virtually  synonymous 
with  subsequent  amateur  progress  and  short- 
wave  development.  Conceived  and  formed  by 
the  famous  inventor  and  amateur,  the  late 
Hiram  Percy  Maxim,  it  was  formally  launched 
in  early  1914  and  was  just  beginning  to  exert 
its  full  force  in  amateur  activities  when  the 
United  States  declared  war  and  by  that  act 
sounded  the  knell  for  amateur  radio  for  the 
next  two  and  one-balf  years.  By  presidential 
direction  every  amateur  station  was  disman- 
tled.  Within  a  few  months  three-fourths  of  the 
amateurs  of  the  country  were  serving  with  the 
armed  forces  of  the  United  States  as  operators 
and  instructors. 

Few  amateurs  to-day  realize  that  the  war  not 
only  marked  the  close  of  the  first  phase  of  ama¬ 
teur  development  but  came  very  near  marking 
its  end  for  all  time.  The  fate  of  amateur  radio 
was  in  the  balance  in  the  days  immediately 
following  declaration  of  the  Armistice,  in  1918. 
The  government,  having  had  a  taste  of  su¬ 
prème  authority  over  all  Communications  in 
wartime,  was  more  than  half  inclined  to  keep 
it;  indeed,  the  war  had  not  been  ended  a  month 
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before  Congress  was  considering  legislation 
that  would  have  made  it  impossible  for  the 
amateur  radio  of  old  ever  to  be  resumed.  Presi¬ 
dent  Maxim  rushed  to  Washington,  pleaded, 
argued;  the  bill  was  defeated.  But  there  was 
still  no  amateur  radio;  the  war  ban  continued 
in  effect.  Repeated  representations  to  Wash¬ 
ington  met  only  with  silence;  it  was  to  be 
nearly  a  year  before  licenses  were  again  issued. 

In  the  meantime,  however,  there  was  much 
to  be  done.  Three-fourths  of  the  former  ama¬ 
teurs  had  gone  to  France ;  many  of  them  would 
never  come  back.  Would  those  who  had  re- 
turned  be  interested,  now,  in  such  things  as 
amateur  radio?  Mr.  Maxim  determined  to  find 
out  and  called  a  meeting  of  such  members 
of  the  Board  of  Directors  of  the  League  as  he 
could  locate.  Eleven  men,  several  still  in  uni¬ 
form,  met  in  New  York  and  took  stock  of  the 
situation.  It  wasn’t  very  encouraging:  amateur 
radio  still  banned  by  law,  former  members  of 
the  League  scattered  no  one  knew  where,  no 
League,  no  membership,  no  funds.  But  those 
eleven  men  financed  the  publication  of  a  notice 
to  all  the  former  amateurs  that  could  be 
located,  hired  Kenneth  B.  Warner  as  the 
League’s  first  paid  secretary,  floated  a  bond 
issue  among  old  League  members  to  obtain 
money  for  immediate  running  expenses,  bought 
the  magazine  QST  to  be  the  League’s  official 
organ,  and  dunned  officialdom  until  the  war¬ 
time  ban  was  lifted  and  amateur  radio  resumed 
again.  Even  before  the  ban  was  lifted,  in  Oc- 
tober,  1919,  old-timers  all  over  the  country 
were  flocking  back  to  the  League,  renewing 
friendships,  planning  for  the  future.  When 
licensing  was  resumed  there  was  a  headlong 
rush  to  get  back  on  the  air. 

From  the  start,  however,  post-war  amateur 
radio  took  on  new  aspects.  War-time  pressure 
had  stimulated  technical  development  in  radio 
There  were  new  types  of  equipment.  The 
vacuum  tube  was  being  used  for  both  receiving 
and  transmitting.  Amateurs  immediately 
adapted  the  new  apparatus  to  200-meter  work. 
Ranges  promptly  increased;  soon  it  was  possi¬ 
ble  to  bridge  the  continent  with  but  one  inter- 
mediate  relay.  Shortly  thereafter  stations  on 
one  coast  were  hearing  those  on  the  other 
direet! 

These  developments  had  an  inevitable  result. 
Watching  DX  come  to  represent  1,000  miles, 
then  1,500  and  then  2,000,  amateurs  began  to 
dream  of  transatlantic  work.  Could  they  get 
across?  In  December,  1921,  the  A.R.R.L.  sent 
abroad  one  of  its  most  prominent  amateurs, 
Paul  Godley,  with  the  best  amateur  receiving 
equipment  available.  Tests  were  run,  and 
thirty  American  amateur  stations  were  heard 
in  Europe!  The  news  electrified  the  amateur 
world.  In  1922  another  transatlantic  test  was 
carried  out;  this  time  315  American  calls 


were  logged  by  European  amateurs  and,  what 
was  more,  one  French  and  two  British  stations 
were  heard  on  this  side. 

Everything  now  was  centered  on  one  objec- 
tive:  two-way  communication  across  the  At¬ 
lantic  by  amateur  radio !  It  must  be  possible  — 
but  somehow  they  couldn’t  quite  make  it. 
Further  increases  in  power  were  out  of  the 
question;  many  amateurs  already  were  using 
the  legal  maximum  of  one  kilowatt.  Better  re- 
ceivers?  They  already  had  the  superhetero- 
dyne;  it  didn’t  secm  possible  to  make  any  very 
great  advance  in  that  direction. 

How  about  trying  another  wavelength,  then, 
they  asked?  What  about  those  wavelengths 
below  200  meters?  The  engineering  world  said 
they  were  worthless  —  but  then,  that  had  been 
said  about  200  meters,  too.  There  have  been 
many  wrong  guesses  in  history.  In  1922  the 
assistant  technical  editor  of  QST  (Phelps,  now 
W9BP)  carried  on  tests  between  Hartford  and 
Boston  on  130  meters.  The  results  were  encour- 
aging.  Early  in  1923  the  A.R.R.L.  sponsored  a 
series  of  organized  tests  on  wavelengths  down 
to  90  meters  and  it  was  noted  that  as  the 
wavelength  dropped  the  reported  results  were 
better.  A  growing  excitement  began  to  filter 
into  the  amateur  ranks. 

Finally,  in  November,  1923,  after  some 
months  of  careful  preparation,  two-way  ama¬ 
teur  communication  across  the  Atlantic  be- 
came  a  reality,  when  Schnell,  1MO  (now 
W9UZ),  and  Reinartz,  1XAM  (now  W3IBS), 
worked  for  several  hours  with  Deloy,  8AB, 
in  Franee,  all  three  stations  using  a  wave¬ 
length  of  110  meters!  Additional  stations 
dropped  down  to  100  meters  and  found  that 
they,  too,  could  easily  work  two-way  across 
the  Atlantic.  The  exodus  from  the  200-meter 
region  started. 

By  1924  the  entire  radio  world  was  agog  and 
dozens  of  commercial  companies  were  rushing 
stations  into  the  100-meter  region.  Chaos 
threatened,  until  the  first  of  a  series  of  radio 
conferences  partitioned  off  various  bands  of 
frequencies  for  all  the  different  services  clam- 
oring  for  assignments.  Although  thought  was 
still  centered  in  100  meters,  League  officials 
at  the  first  of  these  conferences,  in  1924,  came 
to  the  conclusion  that  the  surface  had  probably 
only  been  scratchcd,  and  wisely  obtained 
amateur  bands  not  only  at  80  meters,  but 
at  40  and  20  and  10  and  even  5  meters. 

Many  amateurs  promptly  jumped  down  to 
the  40-meter  band.  A  pretty  low  wavelength,  to 
be  sure,  but  you  never  could  teil  about  these 
short  waves.  Forty  was  given  a  try  and  re- 
sponded  by  enabling  two-way  communication 
with  Australia,  New  Zealand  and  South  Africa. 

How  about  20?  It  immediately  showed 
entirely  unexpected  possibilities  by  enabling 
an  east-coast  amateur  to  communicate  with 
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another  on  the  west  coast,  direct,  at  high 
noon.  The  dream  of  amateur  radio  —  daylight 
DX!  — had  come  true. 

From  that  time  to  the  present  represents  a 
period  of  unparalleled  accomplishment.  The 
short  waves  proved  a  veritable  gold  mine. 
Country  after  country  came  on  the  air,  until 
the  confusion  became  so  great  that  it  was 
necessary  to  devise  a  system  of  international 
intermediates  in  order  to  distinguish  the  na- 
tionality  of  calls.  The  League  began  issuing 
what  are  known  as  WAC  certificates  to  sta¬ 
tions  proving  that  they  had  worked  all  the 
continents.  Over  five  thousand  such  certificates 
have  been  issued.  Representatives  of  the 
A.R.R.L.  went  to  Paris  and  deliberated  with 
the  amateur  representatives  of  twenty-two 
other  nations.  On  April  17,  1925,  this  confer¬ 
ence  formed  the  International  Amateur  Radio 
Union  —  a  federation  of  national  amateur 
societies.  The  amateur  as  a  type  is  the  same 
the  world  over. 

Nor  has  experimental  development  been  lost 
sight  of  in  the  enthusiasm  incident  to  inter¬ 
national  amateur  communication.  The  experi- 
mentally-minded  amateur  is  constantly  at 
work  conducting  tests  in  new  frequency  bands, 
devising  improved  apparatus  for  amateur  re- 
ceiving  and  transmitting,  learning  how  to  oper- 
ate  two  and  three  and  even  four  stations  where 
previously  there  was  room  enough  for  only  one. 

In  particular,  the  amateur  experimenter 
presses  on  to  the  development  of  the  higher 
frequencies  represented  by  the  wavelengths 
below  10  meters,  territory  only  a  few  years  ago 
regarded  even  by  most  amateurs  as  compara- 
tively  unprofitable  operating  ground. 

The  amateur’s  experience  with  five  meters  is 
especially  representative  of  his  initiative  and 
resourcefulness,  and  his  ability  to  make  the 
most  of  what  is  at  hand.  In  1924  first  amateur 
experiments  in  the  vicinity  of  56  Mc.  indicated 
the  band  to  be  practieally  worthless  for  dis- 
tance  work;  signals  at  such  frequencies  ap- 
peared  capable  of  being  heard  only  to  “horizon 
range.”  But  the  amateur  turns  even  such 
apparent  disadvantages  to  use.  If  not  suitable 
for  long-distance  work,  at  least  the  band  was 
ideal  for  “short-haul”  communication.  Begin- 
ning  in  1931,  then,  there  was  tremendoua 
activity  in  56- Mc.  work  by  hundreds  of  ama¬ 
teurs  all  over  the  country,  and  a  complete  new 
line  of  transmitters  and  receivers  was  devel- 
oped  to  meet  the  special  conditions  incident 
to  communicating  at  these  ultra-high  fre¬ 
quencies.  In  1934  additional  impetus  was  given 
to  this  band  when  experiments  by  the  A.R.R.L. 
with  directive  antennas  resulted  in  remarkably 
consistent  two-way  communication  over  dis- 
tances  of  more  than  100  miles,  without  the  aid 
of  “hilltop”  locations.  While  atmospheric  con- 
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ditions  appear  to  have  a  great  deal  to  do  with 
5-meter  DX,  many  thousands  of  amateurs  are 
now  spending  much  of  their  time  in  the  56- Mc. 
region,  some  having  worked  as  many  as  four 
or  five  hundred  different  stations  on  that  band 
at  distances  up  to  several  hundred  miles. 
Recently  the  radio  world  has  been  astounded 
by  conditions  whereby  transcontinental  con- 
tacts  have  been  made  on  five  meters,  with 
hundreds  of  contacts  over  a  thousand  miles  or 
so.  To-day’s  concept  of  u.h.f.  propagation  was 
developed  almost  entirely  through  amateur 
research. 

Most  of  the  technical  developments  in  ama¬ 
teur  radio  have  come  from  the  amateur  ranks. 
Many  of  these  developments  represent  valu- 
able  eontributions  to  the  art,  and  the  articles 
about  them  are  as  widely  read  in  professional 
circles  as  by  amateurs.  At  a  time  when  only  a 
few  broadcast  engineers  in  the  country  knew 
what  was  meant  by  “100%  modulation”  the 
technical  staff  of  the  A.R.R.L.  was  publishing 
articles  in  QST  urging  amateur  ’phones  to  em- 
brace  it  and  showing  them  how  to  do  it.  When 
interest  quickened  in  five-meter  work,  and  ex- 
periments  showed  that  the  ordinary  regenera- 
tive  receiver  was  practically  worthless  for  such 
wavelengths,  it  was  the  A.R.R.L.  that  devel¬ 
oped  practical  super-regenerative  receivers  as 
the  solution  to  the  receiver  problem.  From  the 
League  ’s  laboratory,  too,  came  in  1932,  the 
single-signal  superheterodyne  —  the  world’s 
most  advanced  high-frequency  radiotelegraph 
receiver.  In  1934  the  commercial  production 
of  r.f.  power  pentodes  came  as  a  result  of  the 
A.R.R.L.  Hq.  technical  staff’s  urging  and  dem- 
onstration  of  their  advantages.  In  1936  the 
“noise-silencer”  circuit  for  superheterodynes 
was  developed,  permitting  for  the  first  time 
satisfactory  high-frequency  reception  through 
the  more  common  forms  of  man-made  elec- 
trical  interference.  During  1938  the  use  of 
transmitters  whose  frequency  could  be  changed 
by  a  continuous  panel  control  beeame  common, 
along  with  improved  directive  antennas. 

Amateur  radio  is  one  of  the  finest  of  hobbies, 
but  this  fact  alone  would  hardly  merit  such 
whole-hearted  support  as  was  given  it  by  the 
United  States  government  at  recent  interna¬ 
tional  conferences.  There  must  be  other  reasons 
to  justify  such  backing.  One  of  these  is  a 
thorough  appreciation  by  the  Army  and  Navy 
of  the  value  of  the  amateur  as  a  source  of  skilled 
radio  personnel  in  time  of  war.  The  other  is 
best  described  as  “public  service.’’ 

We  have  already  seen  3,500  amateurs  con- 
tributing  their  skill  and  ability  to  the  Ameri¬ 
can  cause  in  the  Great  War.  After  the  war  it 
was  only  natural  that  cordial  relations  should 
prevail  between  the  Army  and  Navy  and  the 
amateur.  Several  things  occurred  in  the  next 
few  years  to  strengthen  these  relations.  In 


1924,  when  the  U.  S.  dirigible  Shenandoah 
made  a  tour  of  the  country,  amateurs  pro- 
vided  continuous  contact  between  the  big  ship 
and  the  ground.  In  1925  when  the  United 
States  battle  fleet  made  a  cruise  to  Australia 
and  the  Navy  wished  to  test  out  short-wave 
apparatus  for  future  communication  purposes, 
it  was  the  League's  Traffic  Manager  who  was 
in  complete  charge  of  an  experimental  high- 
frequency  set  on  the  U.S.S.  Seattle. 

Definite  friendly  relations  between  the  ama¬ 
teur  and  the  armed  forces  of  the  Government 
were  cemented  in  1925.  In  this  year  both  the 
Army  and  the  Navy  came  to  the  League  with 
proposals  for  amateur  coöperation.  The  radio 
Naval  Reserve  and  the  Army-Amateur  Net  are 
the  outgrowth  of  these  proposals. 

The  public  service  record  of  the  amateur  is  a 
brilliant  one.  These  services  can  be  roughly  di- 
vided  into  two  classes:  emergencies  and  expedi- 
tions.  It  is  regrettable  that  space  limitations 
preclude  detailed  mention  of  amateur  work  in 
both  these  classes,  for  the  stories  constitute 
high-lights  of  amateur  accomplishment. 

Since  1913,  amateur  radio  has  been  the  Prin¬ 
cipal,  and  in  many  cases  the  only,  means  of 
outside  communication  in  more  than  one  hun¬ 
dred  storm,  flood  and  earthquake  emergencies 
in  this  country.  Among  the  most  noteworthy 
were  the  Florida  hurricanes  of  1926,  1928  and 
1935,  the  Mississippi  and  New  England  floods 
of  1927  and  the  California  dam  break  of  1928. 
During  1931  there  were  the  New  Zealand  and 
Nicaraguan  earthquakes,  and  in  1932  floods  in 
California  and  Texas.  Outstanding  in  1933  was 
the  earthquake  in  Southern  California.  In  1934 
further  floods  in  California  and  Oklahoma  re- 
sulted  in  notable  amateur  coöperation.  The 
1936  eastern  States  flood,  the  1937  Ohio  River 
valley  flood,  and  the  1938  Southern  California 
flood  and  Long  Island-New  England  hurricane 
disaster  saw  the  greatest  emergeney  effort  ever 
performed  by  amateurs.  In  all  these  and  many 
others,  amateur  radio  played  a  major  röle  in 
the  rescue  work  and  amateurs  earned  world- 
wide  commendation  for  their  resourcefulness  in 
effecting  communication  where  all  other  means 
failed. 

During  1938  the  A.R.R.L.  inaugurated  its 
emergeney  preparedness  program,  providing 
for  the  appointment  of  regional  and  local 
Emergeney  Coördinators  to  organize  amateur 
facilities  and  establish  liaison  with  other  agen- 
cies.  This  was  in  addition  to  the  registration  of 
personnel  and  equipment  in  the  Emergeney 
Corps.  A  comprehensive  program  of  coöpera¬ 
tion  with  the  Red  Cross,  Western  Union  and 
others  was  put  into  effect. 

Amateur  coöperation  with  expeditions  goes 
back  to  1923,  when  a  League  member,  Don 
Mix  of  Bristol,  Conn.,  accompanied  MacMillan 
to  the  Arctic  on  the  schooner  Bowdoin  in 
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charge  of  an  amateur  set.  Amateurs  in  Canada 
and  the  United  States  provided  the  home 
contact.  The  success  of  this  venture  was  such 
that  other  explorers  made  inquiry  of  the 
League  regarding  similar  arrangements  for 
their  journeys.  In  1924  another  expedition 
secured  amateur  coöperation;  in  1925  there 
were  three,  and  by  1928  the  figure  had  risen  to 
nine  for  that  year  alone.  Each  year  since  then 
has  seen  League  headquarters  in  receipt  of 
requests  for  such  service,  until  now  a  total  of 
pefhaps  two  hundred  voyages  and  expeditions 
have  been  thus  assisted.  To-day  practically  no 
exploring  trip  starts  from  this  country  to 
remote  parts  of  the  world  without  making 
arrangements  to  keep  in  contact  through  the 
medium  of  amateur  radio. 

Emergency  relief,  expeditionary  contact, 
experimental  work  and  countless  instances  of 
other  forms  of  public  service  —  rendered,  as 
they  always  have  been  and  always  will  be, 
without  hope  or  expectation  of  material  re- 
ward  —  have  made  amateur  radio  an  integral 
part  of  our  national  life. 

The  American  Radio  Relay  League 

The  American  Radio  Relay  League  is  to-day 
not  only  the  spokesman  for  amateur  radio  in 
this  country  but  it  is  the  largest  amateur 
organization  in  the  world.  It  is  strictly  of,  by 
and  for  amateurs,  is  non-commercial  and  has 
no  stockholders.  The  members  of  the  League 
are  the  owners  of  the  A.R.R.L.  and  QST. 

The  League  is  organized  to  represent  the 
amateur  in  legislative  matters.  It  is  pledged 
to  promote  interest  in  two-way  amateur  com- 
munication  and  experimentation.  It  is  inter- 
ested  in  the  relaying  of  messages  by  amateur 
radio.  It  is  concerned  with  the  advancement  of 
the  radio  art.  It  stands  for  the  maintenance  of 
fraternalism  and  a  high  Standard  of  conduct. 
One  of  its  principal  purposes  is  to  keep  ama¬ 
teur  activities  so  well  conducted  that  the  ama¬ 
teur  will  continue  to  justify  his  existence.  As  an 
example  of  this  might  be  cited  the  action  of  the 
League  in  sponsoring  the  establishment  of  a 
systemof  Standard  Frequency  Stations  through- 
out  the  United  States. 

The  operating  territory  of  the  League  is 
divided  into  fourteen  United  States  and  six 
Canadian  divisions.  The  affairs  of  the  League 
are  managed  by  a  Board  of  Directors.  One 
director  is  elected  every  two  years  by  the 
membership  of  each  United  States  division, 
and  a  Canadian  General  Manager  is  elected 
every  two  years  by  the  Canadian  membership. 
These  directors  then  choose  the  president  and 
vice-president,  who  are  also  directors,  of 
course.  No  one  commercially  engaged  in  selling 
or  manufacturing  radio  apparatus  or  literature 
can  be  a  member  of  the  Board  or  an  officer  of 
the  League. 
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The  president,  vice-president,  secretary, 
treasurer  and  Communications  manager  of  the 
League  are  elected  or  appointed  by  the  Board 
of  Directors.  These  officers  constitute  an  Ex- 
ecutive  Committee  which,  under  certain  re- 
strictions,  decides  how  to  apply  Board  policies 
to  matters  arising  between  Board  meetings. 

The  League  owns  and  publishes  the  maga¬ 
zine  QST.  QST  goes  to  all  members  of  the 
League  each  month.  It  acts  as  a  monthly  bulle¬ 
tin  of  the  League’s  organized  activities.  It 
serves  as  a  medium  for  the  exchange  of  ideas. 
It  fosters  amateur  spirit.  lts  technical  articles 
are  renowned.  QST  has  grown  to  be  the  “ama- 
teur’s  bible"  as  well  as  one  of  the  foremost 
radio  magazines  in  the  world.  The  profits  QST 
makes  are  used  in  supporting  League  activi¬ 
ties.  Membership  dues  to  the  League  include  a 
subscription  to  QST  for  the  same  period. 

The  extensive  field  organization  of  the  Com¬ 
munications  Department  coördinates  operat¬ 
ing  activities  throughout  North  America. 

Headquarters 

Fkom  the  humble  beginnings  recounted  in 
this  story  of  amateur  radio,  League  head¬ 
quarters  has  grown  until  now  it  occupies  an 
entire  office  building  and  employs  nearly  forty 
people. 

Members  of  the  League  are  entitled  to  write 
to  Headquarters  for  information  of  any  kind, 
whether  it  concerns  membership,  legislation,  or 
general  questions  on  the  construction  or  opera- 
tion  of  amateur  apparatus.  If  you  don’t  find 
the  information  you  want  in  QST  or  the 
Handbook,  write  to  A.R.R.L.  Headquarters, 
West  Hartford,  Connecticut,  telling  us  your 
problem.  All  replies  are  made  directly  by  letter; 
no  charge  is  made  for  the  service. 

If  you  come  to  Hartford,  drop  out  to  Head¬ 
quarters  at  38  LaSalle  Road,  West  Hartford. 
Visitors  are  always  welcome. 

Headquarters  Stations 

From  1927  to  1936  the  League  opera ted  its 
headquarters  station,  W1MK,  at  Brainerd 
Field,  Hartford’3  municipal  airport  on  the 
Connecticut  River.  During  the  disastrous  flood 
of  1936  this  station  was  devastated.  From  the 
spring  of  1936  until  early  summer  of  1938  a 
temporary  station  was  operated  at  the  head¬ 
quarters  offices,  at  first  under  the  old  auxiliary 
call  W1INF  and  later  as  W1AW.  The  call 
W1AW,  held  until  his  death  by  Hiram  Percy 
Maxim,  was  issued  to  the  League  by  a  special 
order  of  the  Federal  Communications  Com- 
mission  for  the  official  headquarters  station 
call. 

Beginning  September,  1938,  the  Hiram  Percy 
Maxim  Memorial  Station  at  Newington,  Conn., 
has  been  in  operation  as  the  headquarters 
station.  Operating  on  all  amateur  bands,  with 
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separate  transmitters  rated  at  the  maximum 
legal  input  of  one  kilowatt  and  elaborate 
antenna  Systems,  this  station  is  heard  with 
good  strength  in  every  part  of  the  world.  The 
building  in  which  it  is  housed  was  designed  by 
order  of  the  League’s  Board  of  Directors  as  a 
permanent  memorial  to  the  founder-president, 
Hiram  Percy  Maxim. 

Joining  the  League 

The  best  way  to  get  started  in  the  amateur 
game  is  to  join  the  League  and  start  reading 
QST.  Inquiries  regarding  membership  sbould 
be  addressed  to  the  Secretary.  There  is  a 
convenient  application  blank  in  the  rear  of 
this  book.  An  interest  in  amateur  radio  is  the 
only  qualification  necessary  in  becoming  a 
member  of  the  A.R.R.L.  Ownership  of  a  sta¬ 
tion  and  knowledge  of  the  code  are  not  prereq- 
uisites.  They  can  come  later.  According  to 
a  constitutional  requirement,  however,  only 
those  members  who  possess  an  amateur  station 
or  operator  lieense  are  entitled  to  vote  in 
director  elections. 

■  Learn  to  let  the  League  help  you.  It  is  organ- 
ized  solely  for  that  purpose,  and  its  entire 
headquarters’  personnel  is  trained  to  render  the 
best  assistance  it  can  to  you  in  solving  your 
amateur  problems.  If,  as  a  beginner,  you  should 
find  it  difficult  to  understand  some  of  the  mat¬ 
ter  contained  in  succeeding  chapters  of  this 
book,  do  not  hesitate  to  write  the  Information 
Service  stating  your  trouble.  Perhaps,  in  such 
a  case,  it  would  be  profitable  for  you  to  send 
for  a  eopy  of  a  booklet  published  by  the  League 
cspecially  for  the  beginner  and  entitled  “  How 
to  Become  a  Radio  Amateur.”  This  is  written 
in  simple,  straightforward  language,  and  de- 
scribes  from  start  to  finish  the  building  of  a 
simple  but  effective  amateur  installation.  The 
price  is  25  cents,  postpaid. 

Every  amateur  should  read  the  League’s 
magazine  QST  each  month,  It  is  filled  with 


the  latest  amateur  apparatus  developments 
and  “ham”  news  from  your  particular  section 
of  the  country.  A  sample  copy  will  be  sent  you 
for  25  cents  if  you  are  unable  to  obtain  one  at 
your  local  newsstand. 

International  Amateur  Radio  Union 

The  I.A.R.U.  is  a  federation  of  thirty-three 
national  amateur  radio  societies  in  the  Prin¬ 
cipal  nations  of  the  world.  lts  purposes  are  the 
promotion  and  coördination  of  two-way  com- 
munication  between  the  amateurs  of  the  va- 
rious  countries,  the  effecting  of  coöperative 
agreements  between  the  various  national  so¬ 
cieties  on  matters  of  common  welfare,  the 
advancement  of  the  radio  art,  the  encourage- 
ment  of  international  fraternalism,  and  the 
promotion  of  allied  activities.  Perhaps  its  great- 
est  service  lies  in  representing  the  amateurs 
of  the  world  at  international  telecommunica- 
tions  conferences  and  technical  Consulting 
committee  (C.C.I.R.)  meetings. 

The  headquarters  society  of  the  Union  is  the 
American  Radio  Relay  League.  All  corre- 
spondence  should  be  addressed  to  38  LaSalle 
Road,  West  Hartford,  Conn.,  U.  S.  A. 

The  I.A.R.U.  issues  WAC  (Worked-All- 
Continents)  certificates  to  amateurs  who  qualify 
for  this  award.  The  regulations,  in  brief, 
stipulate  that  the  applicant  must  have  worked 
other  amateurs  in  each  of  the  six  recognized 
Continental  areas  of  the  world,  supplying  QSL 
cards  or  other  indisputable  proof  of  two-way 
contact  in  connection  with  his  application ;  and 
that  he  must  be  a  member  of  the  member- 
society  of  the  Union  for  the  country  in  which 
he  resides.  In  countries  where  no  member- 
society  exists  the  certificate  may  be  secured 
upon  payment  of  a  fee  of  50?t  to  cover  mailing 
costs.  Two  kinds  of  certificates  are  issued,  one 
for  radiotelegraph  work  and  one  for  radio- 
telephone.  There  is  a  special  endorsement  for 
28-Me,  operation. 


1  Zt  CHAPTER  ONE 


Getting  Started 

The  Amateur  Bands — Learning  the  Code  —  Obtaining  Licenses 


Xhis  chapter  deals  with  the  two  major  prob- 
lems  of  every  beginning  amateur  —  learning 
the  code  and  getting  the  necessary  federal 
licenses. 

Out  Amateur  Banda 

To  understand  amateur  radio,  it  is  first 
necessary  to  know  where  amateurs  operate. 
There  are  those  who,  because  they  have  never 
heard  anything  else,  think  that  “radio”  means 
only  “broadcasting.”  To  such  people  a  few 
nights  listening  in  on  the  high  frequencies 
(wavelengths  below  the  broadcast  band)  will 
be  a  revelation.  A  horde  of  signals  from  dozens 
of  different  types  of  services  teil  their  story  to 
whoever  will  listen.  Some  stations  send  slowly 
and  leisurely.  Even  the  beginner  can  read 
them.  Others  race  along  furiously  so  that 
whole  sentences  become  meaningless  buzzes. 
There  are  both  telegraph  and  telephone  sig¬ 
nals.  Press  messages,  weather  reports,  high- 
frequency  international  broadcasting  of  voice 
and  music,  transmissions  from  government  and 
experimental  stations  including  picture  trans¬ 
missions  and  television,  airplane  dispatching, 
police  calls,  signals  from  private  yachts  and 
expeditions  exploring  the  remote  parts  of  the 
earth — these  jam  the  short-wave  spectrum 
from  one  end  to  the  other. 

Sandwiched  in  among  all  these  services  are 
the  amateurs,  the  largest  service  of  all.  Thou- 
sands  of  their  signals  may  be  heard  every  night 
in  the  various  bands  set  apart  by  international 
treaty  for  their  use. 

Many  factors  must  be  considered  in  picking 
the  proper  band  for  a  certain  job  from  among 
the  several  bands  devoted  to  amateur  opera- 
tion.  The  distance  to  be  covered  enters  into  it, 
as  well  as  the  time  of  day  when  communication 
is  desired.  In  addition  to  daily  changes  there 
are  seasonal  changes,  and  also  a  Iong-time 
change  in  atmospheric  conditions  which  seems 
to  coincide  with  the  11-year  cycle  of  sun-spot  or 
solar  activity.  The  reliability  of  communication 
on  a  given  frequency  at  a  given  time  of  day,  the 
suitability  of  a  given  band  for  traffic  or  DX, 
the  desires  of  the  individual  amateur  in  choos- 
ing  his  circle  of  friends  with  whom  he  expects 
to  make  contact  on  Schedule,  the  amount  of 
interference  to  be  expected  at  certain  hours, 
and  the  time  of  day  ayailable  for  operating  — 


all  influence  the  choice  of  an  operating  fre¬ 
quency. 

The  1750-kc.  band,  which  carried  all  ama¬ 
teur  activity  before  experimenters  opened  the 
way  to  each  of  the  higher  frequency  bands  in 
turn,  always  served  amateurs  well  for  general 
contact  between  points  all  over  the  country. 
There  was  a  short  period,  during  the  height  of 
development  of  the  higher  frequencies,  when 
activity  in  this  band  dwindled,  but  it  is  again 
active. 

The  band  is  especially  popular  for  radiotele- 
phone  work.  Code  practice  transmissions  are 
made  in  this  band  for  beginning  amateurs  and 
many  beginners  may  be  heard  in  this  region 
making  their  first  two-way  contact  with  each 
other.  The  band  is  one  of  our  “widest”  from 
the  standpoint  of  the  number  of  stations  that 
may  be  comfortably  accommodated.  The  band 
is  open  to  amateur  facsimile  and  picture 
transmission. 

The  3500-kc.  band  has,  in  recent  years,  been 
regarded  as  best  for  all  consistent  domestic 
communication.  It  is  good  for  coast-to-coast 
work  at  night  all  the  year  except  for  a  few  sum- 
mer  months.  It  has  been  recommended  for  all 
amateur  message-handling  over  medium  dis- 
tances  (1,000  miles,  for  example).  Much  of  the 
friendly  human  contact  between  amateurs 
takes  place  in  the  3500-kc.  band.  As  the  winter 
evening  ad  vances,  the  well-known  “skip  ef¬ 
fect”  (explained  in  detail  in  Chapter  Four)  of 
the  higher  frequencies  has  made  itself  known, 
the  increased  range  of  the  “sky  wave”  brings 
in  signals  from  the  other  coast  and  the  in¬ 
creased  range  also  brings  in  more  stations,  so 
that  the  band  appears  busier. 

The  7000-kc.  band  has  been  the  most  popular 
band  for  general  amateur  work  for  years.  It  is 
useful  mainly  at  night  for  contacts  with  the 
opposite  coast,  or  with  foreign  countries. 
Power  output  does  not  limit  the  range  of  a 
station  to  the  same  extent  as  when  working  on 
the  lower  frequency  bands  discussed  above. 
However,  the  band  is  more  handicapped  by 
congestion  in  the  early  evenings  and  more 
subject  to  the  vagaries  of  skip-effect  and 
uncertain  transmission  conditions  than  are 
the  lower  frequency  bands,  but  not  to  the  same 
extent  as  the  14-Mc.  band.  The  7000-kc.  band 
is  satisfactory  for  working  distances  of  several 
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hundred  miles  in  day- 
liglit.  It  is  gcncrally 
considered  the  most 
A  desirable  uight  band 
lor  general  DX  Work 
in  spite  of  difficulties 
due  to  intorforcncc, 
The  1 4,000-kc.  or 
14- Mc.  bandia  the  best 
frequency  to  use  to 
B  cover  great  distanccs 
in  daylight.  In  fact  it 
is  the  only  band  gener- 
ally  useful  for  daylight 
DX  contacts  (QSO’s) 
over  coast-to-coast 
and  greator  distanccs. 
C  Communicatioii  over 
long  distances  will 
usually  remain  good 
during  the  early  eve- 
nings  and  surprising 
results  can  be  ob- 
tained  then,  too.  Using 
these  higher  frequen- 
cies  there  is  often  dif- 
D  ficulty  in  talking  with 
stations  within  three 
or  four  hundred  miles, 
while  greator  distanccs 
than  this  (and  very 
short  distanccs  within 
ten  or  twenty  miles  of 
a  station)  can  be  cov- 
ored  with  easc.  The 
reason  that  14-Mc. 
£  signals  are  less  useful 
for  general  amateur 
DX  late  evenings  is 
because  the  “skip”  in- 
creases  during  dark- 
ncss  until  the  “sky 
wave”  covers  greater 
than  earthly  distances. 
F  The  band,  while  oneof 
the  very  best  for  the 
amateur  interested  in 
working  foreign  sta- 

Q  Fig.  201  —  The  Ama¬ 
teur  Bands.  Areas  shaded 
with  diagona!  lines  are 
open  to  c.w.  telegraphy 
(A-l  emission)  only. 
Cross-hatched  areas  are 
open  to  both  ’phone  (A-3) 
and  c.w. 

H 

Note:  Sinee  the  drawing 
was  made,  the  band  "A” 
has  been  changed  by 
F.C.C.  to  rcad  1750-2030 
ke.,  with  1800-2050  ke. 
open  to  both  'phone  and 
c.w. 


tions,  is  sometimes  subject  to  Suddeil  fluctlia- 
tions  in  transmitting  eonditions. 

The  28,000-kc.  {28 -Mc.)  band  combines  both 
the  long-distance  characteristics  of  the  14-Mc. 
band  and  some  of  the  local  advantages  of  the 
56-Mc.  band,  but  its  remarkable  long-distance 
characteristics  have  been  the  cause  of  its  tre- 
meiidmis  growth  in  popularity.  The  band  is  by 
no  means  as  roliablc  as  those  of  lower  frequency 
but  the  performance  to  be  had  on  it  has  been 
bocoming  progrcssively  better  during  the  last 
few  years.  A  well-defined  seasonal  effect  pro- 
duces  much  better  eonditions  during  the  fall 
and  spring  than  at  other  times  of  the  year. 
Though  the  band  was  a  barren  wraste  a  few 
years  ago  it  is  now,  particularly  during  fall 
and  spring,  full  of  activity.  It  is  the  place 
wherc  one  can  get  by  far  the  most  miles  per 
watt. 

The  56,000-kc.  or  56-Mc.  band  is  used  largely 
for  local  and  short-distance  work  over  dis¬ 
tances  of  ten  to  thirty  miles.  Because  of  the 
cheapncss,  compactness  and  easo  of  construc- 
tion  of  the  neccssary  apparatus,  it  has  proved 
ideal  for  this  purpose  and  many  hundreds  of 
stations  operate  “locally”  there.  Experiments 
with  directive  antennas  by  the  tcchnical  staff 
of  the  A.R.R.L.  beginning  in  1934  disclosed 
that  surprisingly  consistent  two-way  contact 
could  be  main tained  over  distances  of  a  hun¬ 
dred  miles  or  more  with  suitable  eonditions  and 
equipment,  and  such  contacts  are  now  com- 
mon.  Recent  “sky-wave”  DX  wrork  over  sev- 
cral  thousand  miles  on  this  band  and  the  pros¬ 
pect  that  much  more  is  to  come  make  the  band 
a  prize  one  for  the  cxpcrimenter.  Most  of  this 
work  seems  to  occur  during  the  month  of  May 
each  year. 

The  112,000-kc.  or  112-Mc.  band  is  the  new- 
cst  addition  to  the  amateur  spectrum,  and  is 
gradually  recciving  occupancy.  lts  characteris¬ 
tics  insofar  as  local  work  is  concerned  are  simi- 
lar  to  56  Mc.  The  fact  that  elementary  trans- 
ceivers  can  be  used,  without  the  stability  re- 
quirements  of  the  lower  frcquencies,  makes  the 
band  especially  attractive  for  mobile  work  and 
general  short-range  activity. 

Abovc  116  Mc.  but  little  progress  has  as  yet 
been  made  by  amateurs,  although  a  few  ex- 
perimenters  are  persistently  investigating  this 
field.  As  yet  the  224-Mc.  band  and  the  experi- 
mental  region  above  300  Mc.  are  not  used  for 
general  communication,  but  it  is  logical  to 
expect  a  gradual  infiltration  in  the  course  of  the 
next  few  years. 

Memorizing  the  Code 

There  is  nothing  particularly  difficult  inci¬ 
dent  to  taking  your  place  in  the  ranks  of 
licensed  amateurs. 

The  first  job  you  should  tackle  is  the  business 
of  memorizing  the  code.  This  can  be  done'wlïile 
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Fig.  202  —  The  Continental  Code. 

you  are  building  your  receiver.  Thus,  by  the 
time  the  receiver  is  finished,  you  vvill  know  the 
characters  for  the  alphabet  and  will  be  ready  to 
practice  receiving  in  order  to  acquire  speed. 
Speed  practice,  either  by  means  of  a  buzzer,  or 
by  listening  in  on  your  receiver,  can  be  in- 
dulged  in  in  odd  moments  while  the  transmit- 
ter,  in  turn,  is  being  constructed.  The  net  re- 
sult  of  such  an  organized  program  should  be 
that  by  the  time  the  transmitter  is  finished  you 
will  be  able  to  receive  the  thirteen  words  a 
minute  required  by  the  government  for  your 
amateur  operator  license,  and  can  immediately 
proceed  to  study  for  the  “theoretical”  part  of 
your  license  examination  without  loss  of  time. 

Memorizing  the  code  is  no  task  at  all  if  you 
simply  make  up  your  mind  to  apply  yourself  to 
the  job  and  get  it  over  with  as  quickly  as  possi- 
ble.  The  complete  Continental  alphabet, 
punctuation  marks  and  numerals  are  shown  in 
the  table  given  here.  The  alphabet  and  all  the 


numerals  should  be  learned,  but  only  the  first 
eight  of  the  punctuation  marks  shown  need  be 
memorized  by  the  beginner.  Start  by  memoriz¬ 
ing  the  alphabet,  forgetting  the  numerals  and 
punctuation  marks  for  the  present.  Various 
good  systems  for  learning  the  code  have  been 
devised.  They  are  of  undoubted  value  but  the 
job  is  a  very  simple  one  and  usually  can  be  ac- 
complished  easily  by  taking  the  first  five  let¬ 
ters,  memorizing  them,  then  the  next  five,  and 
so  on.  As  you  progress  you  should  review  all 
the  letters  learned  up  to  that  time,  of  course. 
When  you  have  memorized  the  alphabet  you 
can  go  to  the  numerals,  which  will  come  very 
quickly  since  you  can  see  that  they  follow  a 
definite  system.  The  punctuation  marks  wind 
up  the  Schedule  —  and  be  sure  to  learn  at  least 
the  first  eight  —  the  more  commonly-used 
o  nes. 

One  suggestion:  Learn  to  think  of  the  letters 
in  terms  of  sound  rather  than  their  appearance 
as  they  are  printed.  Don’t  think  of  A  as  “dot- 
dash”  but  think  of  it  as  the  sound  “dit-dah.” 
B,  of  course,  is  “dah-dit-dit-dit,”  C,  “dah-dit- 
dah-dit”  and  so  on. 

Even  better  will  be  listening  to  the  charac¬ 
ters  as  they  are  sent  on  a  buzzer  or  code  prac¬ 
tice  oscillator,  if  someone  can  be  found  to  send 
to  you.  Learning  the  code  is  like  learning  a  new 
language,  and  the  sooner  you  learn  to  under- 
stand  the  language  without  mental  “transla- 
tion”  the  easier  it  will  be  for  you. 

Don’t  think  about  speed  yet.  Your  first  job 
is  simply  to  memorize  all  the  characters  and 
make  sure  you  know  them  without  hesitation. 
Good  practice  can  be  obtained,  while  building 
the  receiver,  if  you  try  to  spell  out  in  code  the 
names  of  the  various  parts  you  are  working  on 
at  the  time. 

Acquiring  Speed  by  Buzzer  Practice 

When  the  code  is  thoroughly  memorized,  you 
can  start  to  develop  speed  in  receiving  code 
transmission.  Perhaps  the  best  way  to  do  this 
is  to  have  two  people  learn  the  code  together 
and  send  to  each  other  by  means  of  a  buzzer- 
and-key  outfit.  An  advantage  of  this  system  is 
that  it  develops  sending  ability,  too,  for  the 
person  doing  the  receiving  will  be  quick  to 
criticize  uneven  or  indistinct  sending.  If  pos- 
sible,  it  is  a  good  idea  to  get  the  aid  of  an  ex- 
perienced  operator  for  the  first  few  sessions,  so 
that  you  will  know  what  well-sent  characters 
sound  like. 

The  diagram  shows  the  connections  for  a 
buzzer-practice  set.  When  buying  the  key  it  is 
a  good  idea  to  get  one  that  will  be  suitable  for 
use  in  the  transmitter  later;  this  will  save  you 
money. 

Another  good  practice  set  for  two  people 
learning  the  code  together  is  that  using  a  tube 
oscillator. 
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The  parts  required  are:  an  old  audio  trans- 

former,  a  type  '30  tube,  a  pair  of  'phones,  key, 

two  No.  6  dry  cells,  tube-socket,  a  20-ohm 
filament  rheostat,  and  a  22  3^- volt  B  battery. 
These arehookedup  to  form  an  audio  oscillator. 
If  nothing  is  heard  in  the  ’phones  when  the  key 
is  depressed,  reverse  the  leads  going  to  the  two 
binding  posts  at  either  transformer  winding. 
Reversing  both  sets  of  leads  will  have  no 
effect. 

Either  the  buzzer  set  or  the  audio  oscillator 
described  will  give  satisfactory  results.  The 
advantage  of  an  audio  oscillator  over  the  buz¬ 
zer  set  is  that  it  gives  a  good  signal  in  the 
’phones  without  making  any  noise  in  the  room, 
and  also  produces  a  tone  more  closely  simu- 
lating  actual  radio  signals. 

After  the  practice  set  has  been  built,  and 
another  operator’s  help  secured,  practice  send- 
ing  turn  and  turn  about  to  each  other.  Send 
single  letters  at  first,  the  listener  Iearning  to 
recognize  each  character  quickly,  without  hesi- 
tation.  Following  this,  start  slow  sending  of 
complete  words  and  sentences,  always  trying 
to  have  the  material  sent  at  just  a  little  faster 
rate  than  you  can  copy  easily;  this  speeds  up 
your  mind.  Write  down  each  letter  you  recog¬ 
nize.  Do  not  try  to  write  down  the  dots  and 
dashes;  write  down  the  letters.  Don’t  stop  to 
compare  the  sounds  of  different  letters,  or 
think  too  long  about  a  letter  or  word  that  has 
been  missed.  Go  right  on  to  the  next  one  or 
each  “miss”  will  cause  you  to  lose  several 
characters  you  might  otherwise  have  gotten. 
If  you  exercise  a  little  patience  you  will  soon  be 
getting  every  character,  and  in  a  surprisingly 
short  time  will  be  receiving  at  a  good  rate  of 
speed.  When  you  think  you  can  receive  13 
words  a  minüte  (65  letters  a  minute)  have  the 
sender  transmit  code  groups  rather  than 
straight  English  text.  This  will  prevent  you 
from  recognizing  a  word  “on  the  way”  and 
filling  it  in  before  you’ve  really  listened  to  the 
letters  themselves. 


Fig.  203  —  A  Buzzer  Code  Praetice  Set. 
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Fig.  204  —  Cireuit  of  the  buzzer  code  praetice  eet 
skown  in  Fig.  203.  The  ’phones  are  connected  across  the 
eoils  of  the  hnzzer  with  a  eondenser  in  series.  The  size  of 
this  eondenser  determines  the  strength  of  the  signal  in 
the  ’phones.  Sbould  the  value  shown  give  an  exccssively 
loud  signal,  it  may  be  reduced  to  500  or  even  250  ug{d. 


After  you  have  acquired  a  reasonable  degree 
of  proficiency  concentrate  on  the  less  common 
characters,  as  well  as  the  numerals  and  punc- 
tuation  marks.  These  prove  the  downfall  of 
many  applicants  taking  the  code  examination 
under  the  handicap  of  nervous  stress  and 
excitement. 


Learning  by  Listening 

While  it  is  very  nice  to  be  able  to  get  the 
help  of  another  person  in  sending  to  you  while 
you  are  acquiring  code-speed,  it  is  not  always 
possible  to  be  so  fortunate,  and  some  other 
method  of  acquiring  speed  must  be  resorted  to. 
Under  such  circumstances,  the  time-honored 
system  is  to  “learn  by  listening”  on  your  short- 
wave  receiver.  With  even  the  simplest  short- 
wave  receivers  a  number  of  high-power  stations 
can  be  heard  in  every  part  of  the  world.  It  is 
usually  possible  to  piek  a  station  going  at  about 
the  desired  speed  for  code  practice.  Listen  to 
see  if  you  cannot  recognize  some  individual 
letters.  Use  paper  and  pencil  and  write  down 
the  letters  as  you  hear  them.  Try  to  copy  as 
many  letters  as  you  can. 

Whenever  you  hear  a  letter  that  you  know, 
write  it  down.  Keep  everlastingly  at  it.  Twenly 
minutes  or  half  an  hour  is  long  enough  for  one 
session.  This  practice  may  be  repeated  several 
times  a  day.  Don’t  become  discouraged.  Soon 
you  will  copy  without  missing  so  many  letters. 
Then  you  will  begin  to  get  calls,  which  are 
repeated  several  times,  and  whole  words  like 
“and”  and  “the.”  After  words  will  come 
sentences.  You  now  know  the  code  and  your 
speed  will  improve  slowly  with  practice. 

In  “learning'  by  listening”  try  to  piek  sta¬ 
tions  sending  slightly  faster  than  your  limit. 
In  writing,  try  to  make  the  separation  between 
words  definite.  Try  to  “read”  the  whole  of 
short  words  before  starting  to  write  them  down. 
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Do  the  writing  while  listening  to  the  first 
part  of  the  next  word.  Practice  and  patience 
will  soon  make  it  easy  to  listen  and  write 
at  the  same  time.  Good  operators  usually  copy 
several  words  “behind”  the  incoming  signals. 

A  word  of  caution:  the  U.  S.  radio  communi- 
cation  laws  prescribe  heavy  penalties  for  di- 
vulging  the  contents  of  any  radiogram  to  other 
than  the  addressee.  You  may  copy  anything 
you  hear  in  the  amateur  bands  for  practice 
but  you  must  preserve  its  secrecy. 

Volunteer  Code  Practice  Stations 

Each  fall  and  winter  season  the  A.R.R.L. 
solicits  volunteers,  amateurs  using  code  only, 
or  of  ten  a  combination  of  voice  and  code  trans- 
mission,  who  will  send  transmissions  especially 
calculated  to  assist  beginners.  These  transmis¬ 
sions  go  on  the  air  at  specified  hours  on  certain 
days  of  the  week  and  may  be  picked  up  within 
a  radius  of  several  hundred  miles  under  favor- 
able  conditions.  Words  and  sentences  are  sent 
at  different  speeds  and  repeated  by  voice,  or 
checked  by  mail  for  correctness  if  you  write  the 
stations  making  the  transmissions  and  enclose 
a  stamped,  addressed  envelope  for  reply. 

The  schedules  of  the  score  or  more  volunteer 
code-practice  stations  are  listed  regularly  in 
QST  during  the  fall  and  winter.  Information  at 
other  times  may  be  secured  by  writing  League 
headquarters.  Some  of  the  stations  have  been 
highly  successful  in  reaching  both  coasts  with 
code-practice  transmissions  from  the  central 
part  of  the  country. 

Interpreting  What  You  Hear 

As  soon  as  you  finish  your  receiver  and  hook 
it  up  you  will  begin  to  piek  up  different  high- 
frequency  stations,  some  of  them  perhaps  in 
the  bands  of  frequency  assigned  to  amateurs, 
others  perhaps  commercial  stations  belonging 
to  different  services  The  loudest  signals  will 
not  necessarily  be  those  from  near-by  stations. 
Depending  on  transmitting  conditioris  which 
vary  with  the  frequency,  the  distance  and  the 
time  of  day,  remote  stations  may  or  may  not 
be  louder  than  relatively  near-by  stations. 

The  first  letters  you  identify  probably  will 
be  the  call  signals  identifying  the  stations 
called  and  the  calling  stations,  if  the  stations 
are  in  the  amateur  bands.  Station  calls  are 
assigned  by  the  government,  prefixed  by  a 
letter  (W  in  the  United  States,  VE  in  Canada, 
G  in  England,  etc.)  indicating  the  country.  In 
this  country  amateur  calls  will  be  made  up 
of  such  combinations  as  W8CMP,  W1KH, 
W1AW,  etc.,  the  number  indicating  the  ama¬ 
teur  call  area  and  giving  a  general  idea  of  the 
part  of  the  country  in  which  the  station  heard 
is  located.  The  reader  is  referred  to  the  chapter 
on  “Operating  a  Station”  for  complete  Infor¬ 
mation  on  the  procedure  amateurs  use  in  call- 
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ing,  handling  messages,  and  the  like.  Many 
abbreviations  are  used  which  will  be  made 
clear  by  reference  to  the  tables  of  Q  Code,  mis- 
cellaneous  abbreviations,  and  “ham”  abbrevi¬ 
ations  included  in  the  Appendix.  The  table  of 
international  prefixes,  also  in  the  back  of  the 
book,  will  help  to  identify  the  country  where 
amateur  and  commercial  stations  are  located. 

Using  a  Key 

The  correct  way  to  grasp  the  key  is  impor¬ 
tant.  The  knob  of  the  key  should  be  about 
eighteen  inches  from  the  edge  of  the  operating 
table  and  about  on  a  line  with  the  operator’s 
right  shoulder,  allowing  room  for  the  elbow  to 
rest  on  the  table.  A  table  about  thirty  inches  in 
height  is  best.  The  spring  tension  of  the  key 
varies  with  different  operators.  A  fairly  heavy 
spring  at  the  start  is  desirable.  The  back  ad- 
justment  of  the  key  should  be  changed  until 
there  is  a  vertical  movement  of  about  one- 
sixteenth  inch  at  the  knob.  After  an  operator 
has  mastered  the  use  of  the  hand  key  the  ten¬ 
sion  should  be  changed  and  can  be  reduced  to 
the  minimum  spring  tension  that  will  cause  the 
key  to  open  immediately  when  the  pressure  is 
released.  More  spring  tension  than  necessary 
causes  the  expenditure  of  unnecessary  energy. 
The  contacts  should  be  spaced  by  the  rear 
screw  on  the  key  only  and  not  by  allowing 
play  in  the  side  screws,  which  are  provided 
merely  for  aligning  the  contact  points.  These 
side  screws  should  be  screwed  up  to  a  setting 
which  prevents  appreciable  side  play  but  not 
adjusted  so  tightly  that  binding  is  caused.  The 
gap  between  the  contacts  should  always  be  at 
least  a  thirty-second  of  an  inch,  since  a  too- 
finely  spaced  contact  will  cultivate  a  nervous 
style  of  sending  which  is  highly  undesirable. 
On  the  other  hand  too-wide  spacing  (much  over 
one-sixteenth  inch)  may  result  in  unduly  heavy 
or  “  muddy  ”  sending. 

Do  not  hold  the  key  tightly.  Let  the  hand 
rest  lightly  on  the  key.  The  thumb  should  be 
against  the  left  side  of  the  key.  The  first  and 
second  fingers  should  be  bent  a  little.  They 
should  hold  the  middle  and  right  sides  of  the 
knob,  respectively.  The  fingers  are  partly  on 
top  and  partly  over  the  side  of  the  knob.  The 
other  two  fingers  should  be  free  of  the  key.  The 
photograph  shows  the  correct  way  to  hold  a  key. 

A  wrist  motion  should  be  used  in  sending. 
The  whole  arm  should  not  be  used.  One  should 
not  send  “nervously  ”  but  with  a  steady  flexing 
of  the  wrist.  The  grasp  on  the  key  should  be 
firm,  not  tight,  or  jerky  sending  will  result. 
None  of  the  muscles  should  be  tense  but  they 
should  all  be  under  control.  The  arm  should 
rest  lightly  on  the  operating  table  with  the 
wrist  held  above  the  table.  An  up-and-down 
motion  without  any  sideways  action  ia  beat. 
The  fingers  should  never  leave  the  key  knob. 
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Fig.  205 —  IUustrating  the  correct  position  of  the 
hand  and  fingers  for  the  operation  of  a  telegraph  key. 


Sending 

Good  sending  seems  easier  than  receiving, 
but  don't  be  deceived.  A  beginner  should  not 
send  fast.  Keep  your  transmitting  speed  down 
to  the  receiving  speed,  and  bend  your  efforts 
to  sending  well. 

When  sending  do  not  try  to  speed  things  up 
too  soon.  A  slow,  even  rate  of  sending  is  the 
mark  of  a  good  operator.  Speed  will  come  with 
time  alone.  Leave  special  types  of  keys  alone 
until  you  have  mastered  the  knack  of  properly 
handling  the  standard-type  telegraph  key. 
Because  radio  transmissions  are  seldom  free 
from  interference,  a  “heavier”  style  of  sending 
is  best  to  develop  for  radio  work.  A  rugged 
key  of  heavy  construction  will  help  in  this. 

Obtaining  Government  Licensea 

When  you  are  able  to  copy  13  words  per 
minute,  have  studied  basic  transmitter  theory 
and  familiarized  yourself  with  the  radio  law 
and  amateur  regulations,  you  are  ready  to  give 
serious  thought  to  securing  the  government 
combination  amateur  operator-station  license 
which  is  issued  you,  after  examination,  through 
the  Federal  Communications  Commission,  at 
Washington,  D.  C. 

Because  a  discussion  of  license  application 
procedure,  license  renewal  and  modification, 
exemptions,  and  detailed  information  on  the 
nature  and  scope  of  the  license  examination 
involve  more  detailed  treatment  than  it  is 
possible  to  give  within  the  limitations  of  this 
chapter,  it  has  been  made  the  subject  of  a 
special  booklet  published  by  the  League,  and 
at  this  point  the  beginning  amateur  should 
possess  himself  of  a  copy  and  settle  down  to  a 
study  of  its  pages  in  order  to  familiarize  him¬ 
self  with  the  intricacies  of  the  law  and  prepare 


himself  for  his  test.  The  booklet,  11  The  Radio 

Amateur’s  License  Manual,”  may  be  obtained 
from  A.R.R.L.  headquarters  for  25£  postpaid. 
From  the  beginner’s  standpoint  one  of  the 
most  valuable  features  of  this  book  is  its  list 
of  nearly  200  representative  examination  ques- 
tions  with  their  correct  answers. 

A  few  general  remarks: 

While  no  government  Iicenses  are  necessary 
to  operate  receivers  in  the  United  States,  you 
positively  must  have  the  required  amateur 
Iicenses  before  doing  sending  of  any  kind  with 
a  transmitter.  This  license  requirement  applies 
for  any  kind  of  transmitter  on  any  wavelength. 
Attempts  to  engage  in  transmitting  operation 
of  any  kind,  without  holding  Iicenses,  will  in- 
evitably  lead  to  arrest,  and  fine  or  imprison- 
ment. 

Amateur  Iicenses  are  free,  but  are  issued  only 
to  citizens  of  the  United  States;  this  applies 
both  to  the  station  authorization  and  the 
operator’s  personal  license,  with  the  further 
provision  in  the  station  license  that  it  will  not 
be  issued  where  the  apparatus  is  to  be  located 
on  premises  controiled  by  an  alien.  But  the  re¬ 
quirement  of  citizenship  is  the  only  limitation, 
and  amateur  Iicenses  are  issued  without  regard 
to  age  or  physical  condition  to  anyone  who 
successfully  completes  the  required  examina¬ 
tion.  There  are  licensed  amateurs  as  young  as 
twelve  and  as  old  as  eighty.  Many  permanently 
bed-ridden  persons  find  their  amateur  radio  a 
priceless  boon  and  have  successfully  qualified 
for  their  “tickets”;  even  blindness  is  no  bar 
—  several  stations  heard  regularly  on  the  air 
are  operated  by  people  so  afflicted. 

Persons  who  would  Iike  to  operate  at  ama¬ 
teur  stations,  but  do  not  have  their  own  sta¬ 
tion  as  yet,  may  obtain  an  amateur  operator 
license  without  being  obliged  to  take  out  a 
station  license.  But  no  one  may  take  out  the 
station  license  alone;  all  those  wishing  station 
Iicenses  must  also  take  out  operator  Iicenses. 

Extracts  from  the  basic  Communications 
Act  and  the  complete  text  of  the  amateur 
regulations  current  at  the  time  this  Handbook 
went  to  press  will  be  found  in  the  Appendix. 
Because  the  regulations  are  subject  to  oc- 
casional  changes  or  additions,  however,  it 
is  recommended  that  your  study  of  them  be 
from  the  License  Manual  already  mentioned, 
since  this  Jatter  publication  is  always  revised, 
or  a  “change  sheet”  incorporated  with  it, 
whenever  sqch  alterations  in  our  regulations 
take  place, 
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PRACTICE  C1PHER  GROUPS 

Cipher  groups  make  better  practice  ma-  plays  any  errors  in  spacing  the  letters  into 
terial  than  plain  English  because  you  can’t  words.  And,  with  someone  to  send  to  you, 
foresee  the  next  letter.  The  groups  below,  such  material  of  course  provides  the  best 
taken  from  the  operator’s  manual  of  the  possible  copying  practice.  Check  back  for 
Signal  Corps,  are  representative  both  of  the  your  errors,  concentrate  on  the  letters  that 
practice  material  used  in  service  schools  are  proving  difficult  for  you.  If  you  find 
and  of  ciphered  messages  actually  used  in  yourself  memorizing  some  of  the  combina- 
the  services.  Their  breakdown  into  5-letter  tions  or  their  order,  use  each  group  back- 
units  makes  it  easy  for  you  to  determine  wards  or  start  from  the  bottom  of  the  page. 
your  speed,  since  speed  is  figured  on  the  There  are  plenty  of  practice  possibilities  in 
basis  of  5  characters  to  a  word.  the  following  list,  even  for  the  experienced 

When  you  can  send  from  this  list  without  amateur  who  is  seeking  higher  speed  on  the 
fumbling  for  an  unusual  letter,  you  know  typewriter.  The  use  of  a  typewriter  for  copy- 
the  code.  Such  sending  also  glaringly  dis-  ing  should  be  encouraged. 


OKICQ 

CEMID 

9  7  2  0  1 

ALCRJ 

MAIDP 

JRNOL 

2  4  6  8  0 

JXEFY 

EFXNK 

DLZIK 

7  6  3  2  1 

EWSKM 

CKTOG 

EFMEY 

LCKQH 

PHVTX 

7  0  3  6  5 

HZGNA 

AXBTR 

4  9  2  8  5 

OCYAA 

HIMAD 

OHWIM 

SFMCG 

0  3  7  5  9 

JNABD 

ZLJBI 

CPNZI 

VTNEE 

FMEMI 

CWXCK 

JBCYD 

84707 

JBOAH 

HELKF 

ZDLYS 

DKAKX 

PGZUN 

KDKNG 

GYEVZ 

47  3  8  2 

KTLES 

WQYFZ 

CTILL 

FHFUX 

ARJZU 

MRFXE 

WBPCM 

OMIWG 

THQVI 

NTVMG 

DXAQN 

4  0  3  6  7 

SPEJN 

HSPCQ 

HMOUS 

WOHZR 

119  0  2 

OBRDK 

VIODO 

XGLDT 

TVCPT 

IPAZQ 

0  6  14  3 

PVFKQ 

CUBEZ 

8  0  7  0  1 

CPTKO 

FNZQJ 

CPTKO 

RBEFP 

AXTRX 

RKMOZ 

20  184 

PGMAE 

IRAGO 

KDIEY 

KCNYQ 

EKJCD 

VNFBH 

1  0  2  7  3 

PZOKA 

MDIDH 

EIURY 

DJHNG 

DIEUY 

DXNZE 

OQUIW 

0  9  16  5 

MCNBS 

HAHGJ 

JCUWH 

9  8  2  3  4 

MCNUY 

QZASU 

IHDJI 

LDOSJ 

83  746 

JEHDY 

BCNBX 

CVFZA 

SCQZW 

12  3  10 

LKDOP 

MCNCB 

ZAOIZ 

ZLKAM 

ZJHFG 

BAYQT 

WEQFQ 

PAOKU 

3  0  2  1  0 

JDMNF 

DKUER 

QNBAV 

1  7  8  6  3 

MDHNH 

TQRYW 

EIOUW 

MXNBG 

2  5  8  9  4 

MYHYD 

UEYTA 

ZMNZB 

ZXVGX 

OIEUZ 

JXHGQ 

APLKM 

QYEUR 

NDBGY 

UYRHI 

LKCCN 

9  8  0  1  5 

NDHBH 

QWZXN 

KDXOE 

DYAFH 

LPWCA 

MBUDF 

JTIOE 

MNOPA 

CVQAR 

1  2  7  5  4 

OEVAN 

AEIOU 

MNLFG 

KQZAX 

NASTF 

PONDL 

FAWZX 

1  3  5  7  9 

YOUMK 

LARDO 

CFGIL 

NPQRT 

QWERT 

CJRNO 

VOIUM 

MQECV 

CADXA 

SNKAD 

CUTYR 

YOUMK 

1  2  7  0  9 

BEXZB 

TTLOR 

KOBDZ 

RGLBH 
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Electrkal  and  Radio  Fundamentals 

Current  Flow  —  Conductors  and  Insulators  —  Condensers  — 
Coils — Tuned  Circuits — Vacuum  Tube  Fundamentals 


One  will  recall  from  high-school  chem- 
istry  that  all  matter  —  solids,  liquids  and  gases 
—  is  made  up  of  fundamental  units  called 
molecules,  the  smallest  subdivision  of  matter. 
These  molecules  in  turn  are  found  to  consist  of 
atoms  of  the  component  elements.  Molecules 
and  atoms  are  infinitesimally  small,  and  can’t 
be  seen  even  with  the  most  powerful  micro¬ 
scopes.  The  thing  to  remember  is  that  all 
matter  is  made  up  of  molecules  which  are  in 
turn  combinations  of  atoms  of  the  component 
elements. 

Electrons 

All  atoms  are  made  up  of  particles,  or 
charges,  of  electricity  —  nothing  more  —  and 
atoms  differ  from  each  other  only  in  the  num- 
ber  and  arrangement  of  these  charges.  These 
charges  are  called  electrons.  The  atom  has  a 
nucleus  containing  both  positive  and  nega- 
tive  electrons,  with  the  positive  predominating 
so  that  the  nature  of  the  nucleus  is  positive. 
The  charges  in  the  nucleus  are  closely  bound 
together.  Exterior  to  the  nucleus  are  negative 
electrons,  some  of  which  are  not  so  closely 
bound  and  can  be  made  to  leave  the  vicinity 
of  the  nucleus  without  too  much  urging.  These 
electrons  whirl  around  the  nucleus  like  the 
planets  around  the  sun,  and  their  orbits  are 
not  random  paths  but  geometrically-regular 
ones  determined  by  the  charges  on  the  nucleus 
and  the  number  of  electrons.  Ordinarily  the 
atom  is  electrically  neutral,  the  outer  nega¬ 
tive  electrons  balancing  the  positive  nucleus, 
but  when  something  disturbs  this  balance 
electrical  activity  becomes  evident,  and  it  is 
the  study  of  what  happens  in  this  unbalanced 
condition  that  makes  up  electrical  theory. 

•  ELECTRONS  AT  REST 

It  was  mentioned  above  that  in  some  ma- 
terials  it  is  relatively  easy  to  move  the  electrons 

Fig.  301  —  Lightning  is 
caused  by  the  discharge  of 
electricity  that  huilds  up  on 
a  cloud  reaching  a  poten tial 
high  enough  to  break  down 
the  air  hetween  the  cloud 
and  ground  or  another  cloud. 
The  charge  is  believed  to  be 
caused  hy  friction  of  air 
masses  or  dust  particles. 
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away  from  the  nucleus.  There  are  also  many 
materials  in  which  this  is  difficult  to  do.  A 
material  in  which  it  is  hard  to  move  or  displace 
the  electrons  by  electrical  means  is  said  to  have 
a  high  resistance,  and  further  along  you  will 
see  why  this  is  also  an  appropriate  term  from 
other  standpointe. 

Static  Charges 

Many  materials  that  have  a  high  resistance 
can  be  made  to  acquire  a  charge  (surplus  or 
deficiency  of  electrons)  by  mechanical  means. 
You  have  often  heard  the  “electricity”  crack- 
ling  when  you  ran  your  hard-rubber  comb 
through  your  hair  on  a  dry  winter  day,  or  have 
noticed  the  tiny  spark  that  jumps  from  your 
finger  tip  to  a  metal  object  after  you  have 
walked  across  a  rug  in  a  dry  room.  This  was 
caused  simply  by  the  friction  of  the  comb  pass¬ 
ing  through  your  hair  and  of  your  shoes  passing 
over  the  carpet.  The  spark,  in  either  case,  was 
caused  by  the  attempt  of  the  charge  that  had 
built  up  to  equalize  itself.  In  other  words, 
when  you  ran  the  comb  through  your  hair, 
there  was  a  surplus  of  electrons  left  on  the 
comb,  forming  a  charge,  and  the  next  time  you 
brought  the  comb  near  your  hair  the  charge 
was  in  such  a  hurry  to  equalize  itself  that  it 
jumped  a  short  distance  through  the  air.  The 
higher  the  charge,  the  greater  the  distance  it 
can  jump.  Lightning  is  nothing  more  than  the 
same  thing  on  a  gigantic  scale;  clouds  piek  up 
a  tremendous  charge  (meteorologists  don’t 
agree  as  to  why,  but  friction  of  air  masses  or 
dust  pai  ticles  is  believed  to  be  a  contributing 
factor)  and  when  the  charge  becomes  great 
enough  it  breaks  over  in  a  blinding  flash  to 
ground  or  to  another  cloud  with  the  opposite 
charge.  Objects  can  have  either  a  surplus  or  a 
deficiency  of  electrons  —  it  is  called  a  negative 
charge  if  there  is  a  surplus  of  electrons;  a 
positive  charge  if  there  is  a  lack  of  them.  As 
with  all  things  in  nature,  there  must  always  be 
a  balance,  and  for  every  negative  charge  there 
will  be  found  a  similar  positive  charge,  since 
each  electron  that  leaves  an  atom  to  form  a 
negative  charge  leaves  the  rest  of  the  atom 
with  a  positive  charge. 

You  will  have  the  essence  if  you  remember 
that  these  charges  or  potentials  are  nothing 
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more  than  a  lack  or  surplus  of  electrons. 

If  two  objects  are  charged  differently, 
a  potential  difference  is  said  to  exist 
between  them,  and  this  difference  is 
measured  by  an  electrical  unit  called 
the  volt.  The  greater  the  potential  dif¬ 
ference,  the  higher  (numerically)  the 
voltage.  The  difference  in  electrons  between 
the  two  objects  which  causes  this  poten¬ 
tial  difference  or  voltage  exerts  an  electrical 
pressure  or  force  which  is  trying  to  equalize  and 
thus  nullify  the  charges,  and  for  this  reason  it 
is  of  ten  called  electromotive  force  or,  simply, 
e.m.f.  However,  one  usually  thinks  of  it  as 
“voltage,”  remembering  that  voltage  repre- 
sents  the  electrical  potential  difference  set  up 
by  a  surplus  or  lack  of  electrons. 


\  B  C 

Fig.  303  —  A  simple  example  of  Ohm’s  Law.  At  A,  a 
single  lamp  acros9  the  110-voIt  line  burns  with  normal 
briiliancy,  indicating  normal  current  through  the  lamp. 

At  B,  the  two  lamps  in  series  give  an  effective  resist- 
ance  of  twice  that  of  a  single  lamp,  and  the  current 
through  them  is  therefore  only  half  normal  current. 
This  is  indicated  by  half  briiliancy  of  the  lamps. 

At  C,  the  lamps  are  connected  in  parallel ,  and  since 
the  lamps  have  110  volts  across  them  they  hurn  with 
normal  briiliancy.  But  twice  as  much  light  is  given  olï, 
80  the  system  must  be  drawing  twice  as  much  current 
and  the  effect  of  the  two  lamps  in  parallel  is  to  place  a 
load  across  the  line  of  half  the  resistance  of  one  lamp. 


Condensors 

Now  is  a  good  time  to  become  acquainted 
with  a  fundamental  electrical  device  used 
quite  often  in  electrical  and  mechanical  work, 
the  condenser.  So  far,  only  static  charges  on 
combs  and  clouds  have  been  mentioned.  How¬ 
ever,  if  two  metal  plates  are  separated  a  short 
distance  by  a  high-resistance  material,  such  as 
glass,  mica,  oil  or  air,  or  any  one  of  a  number  of 
other  materials,  it  will  be  found  that  the  two 
plates  can  be  given  a  charge  by  connecting 
them  to  a  source  of  potential  difference  such  as 
a  battery  or  other  power  supply.  The  potential 
difference,  or  voltage,  of  the  charge  will  be 
equal  to  that  of  the  source.  The  quantity  of  the 


Fig.  302  —  Various  forms  of  condensers.  The  electro - 
lytic  eondenser  at  the  left  front  is  a  low-voltage  one  used 
as  an  audio  by-pass  across  cathode  resistors.  The  long, 
cylindrical  can  directly  in  houses  a  higher-voltage 

elcctrolytic  condenser  used  in  recciver  and  low-voltage 
transmitter  power-supply  filters.  The  small  paper  (front 
row,  second  from  left)  and  the  small  mica  (front  row, 
extreme  right)  fixed  condensers  are  used  in  receiver  and 
low-voltage  transmitter  applications.  The  small  variable 
eondenser  in  the  front  row  is  used  in  receivers  and  low- 
voltage  transmitters;  the  variable  condenser  with  the 
heavy  plates  and  greater  spacing  is  used  in  high-power 
transmitters.  The  small,  compact  vacnum  condenser  is 
a  new  type  of  fixed  condenser  for  transmitting  having  an 
even  greater  voltage  rating  than  the  large  variable 
condenser  and  losses  low  cnough  so  that  it  may  be  used 
in  a  transmitter  tank  circuit. 


charge  will  depend  upon  the  voltage  of  the 
charging  source  and  the  capacity  of  the  con¬ 
denser.  The  value  of  capacity  of  a  condenser 
is  a  constant  depending  upon  the  physical  di- 
mensions,  increasing  with  the  area  of  the 
plates  and  the  thinness  and  dielectric  constant 
of  the  insulating  material  in  between. 

Capacity  is  measured  in  farads,  a  unit  much 
too  large  for  practical  purposes,  and  in  radio 
work  the  terms  miersfarad  (abbreviated  nfd.) 
and  micro-microfarad  (ppfd.)  are  used.  The 
microfarad  is  one-millionth  of  a  farad,  and  the 
micro-microfarad  is  one-millionth  of  that. 

One  can  easily  demonstrate  the  difference  in 
the  quantity-holding  ability  of  condensers  by 
taking  two  of  different  capacity  out  of  the  junk 
box,  touching  them  one  at  a  time  across  a 
45-volt  B  battery  to  charge  them,  and  then 
discharging  them  with  a  screw  driver  across 
the  terminals.  The  one  with  the  larger  capacity 
will  give  a  fatter  spark  when  it  is  discharged. 
Since  they  were  both  charged  to  exactly  the 
same  potential  —  the  voltage  of  the  battery  — 
the  difference  in  the  discharges  was  due  to  the 
difference  in  the  amount  of  stored  charge, 

Electrostatic  Field 

The  electrical  energy  in  a  charged  condenser 
is  considered  to  be  stored  in  much  the  same 
way  that  mechanical  energy  is  stored  in  a 
stressed  spring  or  rubber  band.  Whereas  the 
mechanical  energy  in  the  spring  can  be  stored 
because  of  the  elasticity  of  the  material,  the 
electrical  energy  is  stored  in  a  condenser 
because  of  the  electrostatic  field  that  exists 
wherever  a  difference  of  potential  occurs.  The 
conception  of  a  field,  or  lines  of  force,  is  adopted 
as  the  only  way  to  explain  the  “action  at  a 
distance”  of  an  electrical  charge. 

•  ELECTRONS  IN  MOTION 

lt  was  mentioned  above  that  a  material  in 
which  it  is  difficult  to  move  the  electrons  is  gaid 


CHAPTER  THREE  23 


The  Radio  Amateur  s  Handbook 


to  have  high  resistance.  Conversely,  a  material 

in  which  it  is  easy  to  move  the  electrons  is  said 
to  have  low  resistance  or,  more  simply,  it  is 
called  a  good  conductor.  Most  of  the  metals  fall 
into  this  class,  with  silver  and  copper  being 
among  the  best,  followed  by  aluminum,  brass, 
zinc,  platinum  and  iron,  in  the  order  named. 
Conductors  will,  of  course,  conduct  electricity 
regardless  of  their  shape,  but  in  most  electrical 
work  the  most  efficiënt  form  of  conductor  is  a 
round  wire,  and  henceforth  when  the  word 
“conductor”  is  used,  it  should  be  visualized 
as  a  wire. 


C  ut  rent  F  low 

If  a  difference  of  potential  exists  across  the 
ends  of  a  conductor  (by  connecting  the  wire  to 
a  battery  or  generator  or  other  source  of  volt¬ 
age)  there  will  be  a  continuous  drift  of  electrons 
passing  from  atom  to  atom,  and  an  electrical 
current  is  said  to  be  flowing.  The  electrons  do 
not  streak  from  one  end  of  the  conductor  to 
the  other  —  their  actual  movement  is  quite 
minute  — but  it  is  more  like  a  “bucket  bri¬ 
gade”  where,  instead  of  fïremen  handing 
buckets  down  the  line,  atoms  pass  a  potential 
difference  down  the  line  of  the  conductor  until 
it  is  neutralized.  The  current  itself  may  be 
traveling  quite  fast,  close  to  the  speed  of  light, 
but  the  actual  electrons  themselves  move  only 
a  short  distance. 

The  current  is  measured  in  amperes,  and  if 
you  wish  to  visualize  that  in  terms  of  electrons, 
try  to  remember  that  a  current  of  one  ampere 
represents  nearly  1019  (ten  million,  million, 
million)  electrons  flowing  past  a  point  in  one 
second;  or  that  a  micro-ampere  (millionth  of 
an  ampere)  is  nearly  10  million  electrons  per 
micro-second  (millionth  of  a  second). 

Ohm’s  Law 

The  current  in  a  conductor  is  determined  by 
two  things,  the  voltage  across  the  conductor 
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Fig.  304  —  Diagram»  of  Beries,  parallel  and  series- 
parallel  resistance  connections. 


CHAPTER  THREE 


and  the  resistance  of  the  conductor.  The  unit  of 

resistance  is  the  ohm,  and,  by  definition,  an 
e.m.f.  of  one  volt  will  cause  a  current  of  one 
ampere  to  flow  through  a  resistance  of  one 
ohm.  Since  the  three  quantities  are  interde- 
pendent,  if  we  know  the  values  of  any  two  we 
can  easily  determine  the  third  by  the  simple 
relation  known  as  Ohm’s  Law.  When  I  is  the 
current  in  amperes,  E  is  the  electromotive  force 
in  volts  and  R  is  the  circuit  resistance  in  ohms, 
the  formulas  of  Ohm’s  Law  are: 

E  E 

R  =  —  7=ö  E  =  IR 

1  ti 

The  resistance  of  the  circuit  can  therefore  be 
found  by  dividing  the  voltage  by  the  current:  the 
current  can  be  found  by  dividing  the  voltage  by 
the  resistance:  the  electromotive  force  or  e.m.f.  is 
equal  to  the  product  of  the  resistance  and  the 
current. 

The  resistance  of  any  metallic  conductor 
depends  upon  the  material  and  its  tempera- 
ture,  its  cross-sectional  area  and  the  length  of 
the  conductor.  When  resistance  is  deliberately 
added  to  a  circuit,  as  is  often  dono  to  adjust 
voltages  or  limit  current  flow,  the  resistance  is 
usually  lumped  in  a  single  unit  and  the  unit  is 
called  a  resistor. 


Resistances  in  Series  and  Parallel 

Resistors,  like  battery  cells,  may  be  con- 
nected  in  series,  in  parallel  or  in  series-parallel. 
When  two  or  more  resistors  are  connected  in 
series,  the  total  resistance  of  the  group  is  higher 
than  that  of  any  of  the  units.  Should  two  or 
more  resistors  be  connected  in  parallel,  the 
total  resistance  is  decreased.  Fig.  304  and  the 
following  formulas  show  how  the  value  of  a 
bank  of  resistors  in  series,  parallel  or  series- 
parallel  may  be  computed,  the  total  being 
between  A  and  B  in  each  case. 

Resistances  in  series: 

Total  resistance  in  ohms  =  Ri  +  R2  +  Ra  +  Ri 
Resistances  in  parallel: 

Total  resistance  in  ohms  =  — - - - - - — 

R\  +lf2  +Rs  +ÜT4 


Or,  in  the  case  of  only  2  resistances  in 
parallel, 

R\R% 

Total  resistance  in  ohms  = 


Resistances  in  series-parallel: 
Total  resistance  in  ohms  — 

1 


Ri  + 


Ri  T‘  R2  R3  -f*  Ri  Rs  -F  Rs  Rr  -F  Rs  -4-  R$ 
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loniza  tion 

All  conduction  does  not  necessarily  take 
place  in  solid  conductors.  If  a  glass  tube  is 
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fitted  with  metal  plates  at  each  end,  and  filled 
with  a  gas  or  even  ordinary  air  (a  mixture  of 
gases)  at  reduced  pressure,  an  electric  current 
may  be  passed  through  the  gas  if  a  high-enough 
voltage  is  applied  across  the  metal  terminals. 
The  commonly-used  neon  advertising  signs 
utilize  this  principle,  since  the  current  flow 
also  generates  light,  the  color  depending  upon 
the  gas  being  used.  When  the  voltage  is  applied 
across  the  tube,  the  positively  charged  plate 
attracts  a  few  electrons,  which  are  given  con- 
siderable  velocity  due  to  the  acceleration  of  the 
electric  charge  and  the  fact  that  the  reduced 
pressure  in  the  tube  (less  gas)  permits  the  elec¬ 
trons  to  travel  farther  before  colliding  with  a 
gas  atom.  When  they  do  collide  with  the  atoms, 
they  knock  off  outer  electrons  of  the  gas  atom 
and  these  electrons  also  join  the  procession  to- 
wards  the  positive  plate,  and  of  course  knock 
off  more  electrons  from  other  atoms.  The  atoms 
that  have  had  an  electron  or  two  knocked  off 
are  no  longer  true  atoms  but  ions,  and  since 
they  have  a  positive  charge  (due  to  the  electron 
deficiency)  they  are  called  “positive  ions.’’ 
These  positive  ions,  being  heavier  than  the 
electrons,  travel  more  slowly  towards  the 
negative  plate,  where  they  acquire  electrons 
and  become  neutral  atoms  again.  The  net 
result  is  a  flow  of  electrons,  and  hence  of  cur¬ 
rent,  from  negative  plate  to  positive  plate.  The 
light  given  off,  it  may  be  mentioned,  is  con- 
sidered  incidental  to  the  recombination  of  ions 
and  free  electrons  at  the  negative  plate.  This 
kind  of  conduction,  made  possible  by  ioniza- 
tion  by  collision,  is  utilized  in  the  operation  of 
certain  types  of  gaseous  rectifiers,  and  in 
combination  with  another  principle  in  mercury- 
vapor  rectifiers. 

Electrolytic  Conduction 
A  very  large  number  of  Chemical  compounds 
have  the  peculiar  characteristic  that  when 
they  are  put  into  solution  the  component 
parts  become  ionized.  For  example,  common 
table  salt  or  sodium  chloride,  each  molecule  of 
which  is  made  up  of  one  atom  of  sodium  and 
one  of  chlorine,  will,  when  put  into  water, 
break  down  into  a  sodium  ion  (positive,  with 
one  electron  deficiënt)  and  a  chlorine  ion 
(negative,  with  one  excess  electron).  This  can 
only  occur  as  long  as  the  salt  is  in  solution  — 
take  away  the  water  and  the  ions  are  recom- 
bined  into  the  neutral  sodium  chloride.  This 
spontaneous  disassociation  in  solution  is  of 
course  another  form  of  ionization,  and  if  two 
wires  with  a  difference  of  potential  across  them 
are  placed  in  the  solution,  the  negative  wire  will 
attract  the  positive  sodium  ions  and  the  posi¬ 
tive  wire  will  attract  the  negative  chlorine 
ions,  and  a  current  will  flow  through  the  solu¬ 
tion.  When  the  ions  reach  the  wires  the  electron 
surplus  or  deficiency  will  be  remedied,  and  a 


neutral  atom  will  be  formed.  The  energy  sup- 
plied  by  the  source  of  potential  difference  is 
used  to  move  the  ions  through  the  liquid  and  to 
supply  or  remove  electrons.  This  type  of  cur¬ 
rent  flow  is  due  to  electrolytic  conduction,  and 
the  principle  was  utilized  in  the  now  almost- 
obsolete  “electrolytic  rectifier.”  It  also  forms 
a  basis  for  the  construction  of  the  “electrolytic 
condenser.” 


Batteries 

All  batteries  depend  upon  chemical  action 
for  the  generation  of  a  potential  difference 
across  their  terminals.  The  common  dry  cell 
(which  won’t  work  completely  dry)  depends 
upon  zinc  ions  (the  metal  case  of  a  dry  cell  is 
the  zinc  plate)  with  a  positive  charge  going 
into  solution  and  leaving  the  zinc  plate  strongly 
negative.  The  electrical  energy  is  derived  from 
the  chemical  energy,  and  in  time  the  zinc  will 
be  used  up  or  worn  away.  However,  in  lead 
storage  batteries,  such  as  are  used  in  automo¬ 
biles  for  starting,  the  electrical  energy  is  stored 
by  chemical  means  and  entails  no  destruction 
of  the  battery  materials.  The  water  that  must 
be  replaced  from  time  to  time  is  lost  by 
evaporation. 

It  might  be  pointed  out  here  that  the  term 
“battery”  is  used  correctly  only  when  speak- 
ing  of  more  than  one  cell  —  a  single  cell  is  not 
a  battery,  but  two  or  more  connected  together 
become  a  battery. 

Thermionic  Conduction 

There  is  still  another  method  of  electric 
current  conduction,  one  of  the  most  important 
in  radio  because  it  is  the  foundation  for  the 
whole  wonderful  family  of  vacuum  tubes  used  in 
both  reception  and  transmission.  If  a  suitable 
metallic  conductor,  such  as  tungsten  or  oxide- 
coated  or  thoriated  tungsten,  is  heated  to  a 


Fig.  305  —  Illustrating  conduction  by  thermonic 
emission  of  electrons  in  a  vacuum  tube.  One  battery  is 
used  only  to  heat  the  filament  to  a  temperature  where 
it  will  emit  electrons.  The  otbcr  battery  places  a  positive 
potential  on  the  plate,  with  respect  to  tbe  filament,  and 
tbe  electrons  are  attracted  to  the  plate.  The  flow  of 
electrons  completes  the  electrical  patb,  and  eurrent 
flows  in  the  plate  circuit. 
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high  temperature  in  a  vacuum  (by  passing 
current  through  it  until  it  heats  to  the  proper 
temperature)  electrons  will  be  emitted  from 
the  surface.  The  electrons  are  freed  from  this 
filament  or  cathode  because  it  has  been  heated 
to  a  temperature  that  activates  them  suffi- 
ciently  to  allow  them  to  break  away  from  the 
surface.  The  process  is  called  thermionic  electron 
emission,  or  simply  emission.  Once  free,  these 
electrons  form  a  cloud  of  negative  electrons 
immedïately  surrounding  the  cathode  which 
will  repel  further  electrons  that  try  to  break 
through  this  space  charge.  A  few  will  be  given 
sufficiënt  velocity  to  travel  some  distance  from 
the  cathode,  but  the  majority  will  stay  in  the 
vicinity  of  the  cathode.  However,  if  a  plate 
is  placed  in  the  vacuum  tube,  and  given  a 
positive  charge  by  connecting  a  battery  be- 
tween  plate  and  cathode,  this  plate  or  anode 
will  attract  a  number  of  the  electrons  that  sur- 
round  the  cathode.  The  pasBage  of  these  elec¬ 
trons  from  cathode  to  anode  constitutes  an 
electric  current.  Some  of  the  electrons  that 
reach  the  anode  may  have  sufficiënt  velocity 
to  dislodge  an  electron  or  two  from  the  plate, 
and  these  electrons  can  be  attracted  to  other 
positively-charged  plates  in  the  vicinity.  If 
there  are  no  other  positive  plates  nearby,  the 
electrons  are  attracted  back  to  the  plate  from 
which  they  came.  The  process  of  dislodging 
electrons  by  other  fast-moving  electrons  is 
called  secondary  emission.  The  important  thing 
to  remember  is  that  all  thermionic  vacuum 
tubes  depend  for  their  operation  on  the  emis¬ 
sion  of  electrons  from  a  hot  cathode,  and  that 
the  current  flowing  through  a  vacuum  tube  is 
simply  the  flow  of  these  electrons  being  at¬ 
tracted  to  a  positively-charged  plate  or  anode. 

Insulators 

Materials  with  a  very  high  resistance,  like 
hard  rubber,  steatite,  bakelite,  isolantite,  mica, 
mycalex,  quartz,  sulphur  and  vacuum  are 
called  insulators.  If  an  insulator  is  used  to 
separate  the  plates  of  a  condenser,  it  is  called 
a  dielectric.  Poor  conductors  are  good  insulators, 
and  vice  versa.  Insulators  are  used  where  it  is 
desired  to  avoid  current  flow  through  a  physi- 
cal  connection. 

Heat  in  g  Effect  and  Power 

When  current  passes  through  a  conductor, 
there  is  some  amount  of  molecular  friction,  and 
this  friction  generates  heat.  This  heat  is  de- 
pendent  only  upon  the  current  in  the  conduc¬ 
tor,  the  resistance  of  the  conductor  and  the 
time  during  which  the  current  flows.  The 
power  uBed  in  heating  or  the  heat  dissipated 
in  the  circuit  (which  may  be  considered  some- 
times  as  an  undesired  power  Iosb)  can  be  de- 
termined  by  substitution  in  the  following 
equations: 
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P  =  EI, 
or  P  =  PR, 
or  P  =  & 

R 

P  being  the  power  in  watts,  E  the  e.m.f.  in 
volts,  and  I  the  current  in  amperes. 

It  will  be  noted  that  if  the  current  in  a 
resistor  and  the  resistance  value  are  known,  we 
can  readily  find  the  power.  Or  if  the  voltage 
across  a  resistance  and  the  current  through  it 
are  known  or  measured  by  a  suitable  volt- 
meter  and  ammeter,  the  product  of  volts  and 
amperes  will  give  the  power.  Knowing  the  ap- 
proximate  value  of  a  resistor  (ohms)  and  the 
applied  voltage  across  it,  the  power  dissipated 
ia  given  by  the  last  formula. 

Likewise,  when  the  power  and  resistance  in  a 
circuit  are  known,  the  voltage  and  current 
can  be  calculated  by  the  following  equations 
derived  from  the  power  formulas  given  above: 


E  =  VPR 


Magnetic  Field 

Any  physicist  will  teil  you  that  moving  elec¬ 
trons  generate  a  magnetic  field.  This  magnetic 
field  is  exactly  the  same  as  the  strange  force 
that  exists  in  the  vicinity  of  any  magnet  and  is 
capable  of  attracting  other  magnetic  materials. 
Sinee  a  current  in  a  wire  is  electrons  in  motion, 
it  is  not  strange  that  a  magnetic  field  is  found 
in  the  vicinity  of  a  conductor  with  current 
flowing  through  it. 

There  is  a  converse  to  thiB.  When  a  conduc¬ 
tor  is  moved  through  a  magnetic  field  (or  the 
field  is  moved  past  the  conductor)  electrons  in 
the  conductor  are  forced  to  move,  producing  a 
current.  An  electric  current  generates  a  magnetic 
field  about  it  and,  conversely,  an  electric  current 
is  generaled  by  a  magnetic  field  moving  (or 
changing )  past  the  conductor. 

Magnetic  fields  are  in  the  form  of  lines  Bur- 
rounding  the  wire;  they  are  termed  lines  o ƒ 


Fig.  306  —  When- 
ever  current  passes 
through  a  wire,  a 
magnetic  field  exists 
around  the  wire. 
lts  direction  can  be 
traced  by  means  of  a 
small  compass. 
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magnetic  force.  These  lines  of  force,  in  the  form 
of  concentric  eircles  around  the  conductor,  lie 
in  planes  at  right  angles  to  the  axis  of  the 
conductor. 

The  magnetic  field  constituted  by  these 
lines  of  force  exists  only  when  current  is  flow- 
ing  through  the  wire.  When  the  current  is 
started  through  the  wire,  we  may  visualize  the 
magnetic  field  as  coming  into  being  and  sweep- 
ing  outward  from  the  axis  of  the  wire.  And  on 
the  cessation  of  the  current  flow,  the  field  col¬ 
lapses  toward  the  wire  again  and  disappears. 
Thus  energy  is  alternately  stored  in  the  field  and 
returned  to  the  wire.  When  a  conductor  is 
wound  into  the  form  of  a  coil  of  many  turns, 
the  magnetic  field  becomes  stronger  because 


direction  as  to  produce  a  field  similar  to  that  of  a  bar 
magnet. 

there  are  more  lines  of  force,  and  the  effect  can 
be  increased  still  further  by  placing  an  iron 
core  within  the  coil.  The  force  is  expressed  in 
terms  of  magneto-motive  force  ( m.m.f .)  which 
depends  on  the  number  of  turns  of  wire,  the 
size  of  the  coil  and  the  amount  of  current 
flowing  through  it.  The  same  magnetizing  ef¬ 
fect  can  be  secured  with  a  great  many  turns 
and  a  weak  current  or  with  fewer  turns  and  a 
greater  current.  If  10  amperes  flow  in  one 
turn  of  wire,  the  magnetizing  effect  is  10 
ampere-turns.  Should  one  ampere  flow  in  10 
turns  of  wire,  the  magnetizing  effect  is  also 
10  ampere-turns. 

Inductance 

When  a  source  of  voltage  is  connected  across 
a  coil,  the  current  does  not  immediately  reach 
the  value  predicted,  by  Ohm’s  Law,  for  the  ap- 
plied  voltage  and  the  resistance  of  the  coil. 
The  reason  for  this  is  that,  as  the  current 
starts  to  flow  through  the  coil,  the  magnetic 
field  around  the  coil  builds  up.  As  this  field 
builds  up,  it  induces  a  voltage  back  in  the  coil, 
and  the  current  caused  by  this  induced  voltage 
is  always  in  the  opposite  direction  to  the  cur¬ 
rent  originally  passed  through  the  coil.  There- 
fore,  because  of  this  property  of  self-induction, 


the  coil  tends  constantly  to  oppose  any  change 
in  the  current  flowing  through  it,  and  it  takes 
an  appreciable  amount  of  time  for  the  current 
to  reach  its  normal  value  through  the  coil.  The 
effect  can  be  visualized  as  electrical  inertia. 
After  the  current  has  come  to  a  steady  value, 
the  self-inductance  has  no  effect,  and  the 
current  is  only  limited  by  the  resistance  of  the 
wire  in  the  coil. 

The  inductance  of  a  coil  is  measured  in 
henrys  or,  when  smaller  units  are  more  con- 
venient,  the  millihenry  (one-thousandth  of  a 
henry)  or  microhenry  (one-millionth  of  a  hen- 
ry).  The  inductance  of  a  coil  depends  on 
several  factors  (see  Chapter  Twenty),  chief  of 
which  are  the  number  of  turns  and  the  cross- 
sectional  area  of  the  coil.  The  inductance  can 
be  greatly  increased  by  using  iron  instead  of 
air  for  a  core  material. 

Electric  Circuits 

You  will  often  see  mention  of  an  electric 
“circuit.”  It  is  sufficiënt  to  remember  that  this 
is  simply  a  complete  path  along  which  electrons 
can  transmit  their  charge.  More  completely, 
there  will  normally  be  a  source  of  energy  —  a 
battery,  generator,  or  magnetic  means  for 
inducing  current  flow  — -  and  a  load  or  portion 
of  the  circuit  where  the  current  is  made  to  do 
useful  work.  There  must  be  an  unbroken  path 
through  which  the  electrons  can  transmit  their 
charges,  with  the  source  of  energy  acting  as  an 
electron  pump  and  sending  them  around  the 
circuit.  The  circuit  is  said  to  be  open  when  no 
charges  can  move,  due  to  a  break  in  the  path. 
It  is  closed  when  no  break  exists  — •  when 
switches  are  closed  and  all  connections  are 
properly  made. 

•  ELECTRONS  IN  MOTION  —  ALTER  - 

NATING  CURRENT 

Thus  far  only  direct  current,  i.e.,  current 
traveling  in  one  direction,  has  been  discussed. 
However,  most  electrical  and  radio  work 
utilizes  alternating  current,  or  current  that 
alternates  its  direction  in  periodic  fashion. 


Fig.  308 — -  Representing  aine-wave  allernating  cur¬ 
rent  and  voltage. 
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An  electric  current  can  be  generated  by  a 
magnetic  field  moving  or  changing  past  a  con¬ 
ductor.  If  the  magnetic  field  moves  in  one 
direction,  the  electric  current  will  flow  in  one 
direction;  if  the  magnetic  field  moves  in  the 
opposite  direction  (decreasing  is  the  same 
thing)  in  effect  the  current  will  move  in  the 
opposite  direction.  Mechanical  methods  are 
used  to  generate  alternating  current  by  this 
principle,  using  rotating  machinery,  and  the 
machines  are  called  alternating-current  gener¬ 
ators  or  alternaiors.  Their  design  is  such  that  the 
current  in  the  wire  (or  voltage  across  the 
terminals)  will  go  from  zero  to  a  peak  value  and 
back  to  zero,  and  up  to  a  peak  value  in  the  op¬ 
posite  direction  and  back  to  zero,  in  what  is 
called  a  sine  wave.  The  length  of  time  that  it 
takes  to  go  through  this  cycle  is  called  the 
period;  the  number  of  times  it  goes  through 
this  cycle,  per  second,  is  called  the  frequency. 

It  may  be  easier  to  understand  if  the  value  of 
current  (or  voltage)  is  represented  graphically  as 
in  Fig.  308.  This  is  simply  a  chart  showing  that 
the  current  starts  at  zero  value,  builds  up  to  a 
maximum  in  one  direction,  comes  back  down 
to  zero,  builds  up  to  a  maximum  in  the  opposite 
direction  and  comes  back  to  zero.  This  cora- 
pletes  one  cycle  —  60  cycle  (per  second)  cur¬ 
rent  does  this  60  times  a  second.  The  curve 
followed  is  described  mathematically  as  a 
sine  curve ;  it  will  be  shown  later  how  har¬ 
monies  will  change  the  general  shape  of  the 
curve. 

It  is  evident  that  both  the  voltage  and  cur¬ 
rent  are  swinging  continuously  between  their 
positive  maximum  and  negative  maximum 
values,  and  it  might  be  wondered  how  one  can 
speak  of  so  many  amperes  of  alternating  cur¬ 
rent  when  the  value  is  changing  continuously. 
The  problem  is  simplified  in  practical  work  by 
considering  that  an  alternating  current  has  an 
effective  value  of  one  ampere  when  it  produces 
heat  at  the  same  average  rate  as  one  ampere  of 
continuous  direct  current  flowing  through  a  given 
resistor.  This  effective  value  is  the  square  root 
of  the  mean  value  of  the  instantaneous  current 
squared.  For  the  sine-wave  form, 

Em  =  VJÏËÏZ 

For  this  reason,  the  effective  value  of  an  alter¬ 
nating  current,  or  voltage,  is  also  known  as  the 
root-mean-square  or  r.m.s.  value.  Hence,  the 
effective  value  is  the  square  root  of  Y  or  0.707 
of  the  maximum  value  —  practically  consid- 
ered  70%  of  the  maximum  value. 

Another  important  value,  involved  where 
alternating  current  is  rectified  to  direct  current, 
is  the  average.  This  is  equal  to  0.636  of  the 
maximum  (or  peak)  value  of  either  current  or 
voltage.  The  three  terms  maximum  (or  peak), 
effective  (or  r.m.s.)  and  average  are  so  important 
and  are  encountered  so  frequently  in  radio 
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work  that  they  should  be  fixed  firmly  in  mind 
right  at  the  start. 

They  are  related  to  each  other  as  follows: 

Emi  =  E.1,  X  1.414  =  Ew  X  1.57 

Eet,  =  E^x  X  .  707  =  £ave  X  1 . 1 1 

fi.v,  =  Entt  X  .636  =  E.u  X  .9 

The  relationships  for  current  are  the  same  as 
those  given  above  for  voltage.  The  usual  alter¬ 
nating  current  ammeter  or  voltmeter  gives  a 
direct  reading  of  the  effective  or  r.m.s.  (root 
mean  square)  value  of  current  or  voltage.  A 
direct  current  ammeter  in  the  plate  circuit  of 
a  vacuum  tube  approximates  the  average  value 
of  rectified  plate  current.  Maximum  values 
can  be  measured  by  a  peak  vacuum-tube  volt¬ 
meter.  Instruments  for  making  such  measure- 
ments  are  treated  in  Chapter  Seventeen. 

Trans  farmers 

Tf  two  coils  of  wire  are  wound  on  a  laminated 
iron  core,  and  one  of  the  coils  is  connected  to  a 
source  of  alternating  current,  it  will  be  found 
that  there  is  an  alternating  voltage  across  the 
terminals  of  the  other  coil  of  wire,  and  an  al- 


Iron  Core 

Primanj  ' 

: 

\  &econdanj 

Fig.  309  —  Schematic  representation  of  a  transformer. 
Alternating  current  flowing  in  the  primary  winding 
induces  a  current  in  the  secondary  winding.  The  ratio 
of  the  primary  voltage  to  secondary  voltage  is  very 
nearly  equal  to  the  ratio  of  primary  turns  to  secondary 
turns. 

ternating  current  will  flow  through  a  conductor 
connecting  the  two  terminals.  The  explanation 
is  simple:  The  alternating  current  in  the  first 
coil,  or  primary,  causes  a  changing  magnetic 
field  in  the  iron  core,  and  this  changing  mag¬ 
netic  field  causes  or  induces  an  alternating 
current  in  the  second  coil,  or  secondary.  The 
proportion  of  primary  voltage  to  secondary 
voltage  is  very  nearly  the  same  as  the  ratio  of 
primary  turns;  i.e.,  twice  as  many  secondary 
turns  as  primary  turns  will  give  twice  as  much 
secondary  voltage,  etc.  The  current  proportion 
goes  the  other  way  —  it  is  inversely  propor- 
tional  to  the  turns  ratio. 

Reactance  —  Inductive  and  Capacitive 

When  alternating  current  passes  through  a 
coil,  the  effect  described  under  “Inductance” 
(see  page  27)  is  present  not  only  when  the 
circuit  is  first  closed  but  at  every  reversal  of  the 
current,  and  the  inductance  of  the  coil  limits 
the  flow  of  current.  The  higher  the  frequency 
of  the  current  the  more  the  inductance  will  try 
to  prevent  its  flow.  Further,  the  higher  the 


CHAPTER  THREE 


Electrial  and  Radio  Fundamentals 


inductance  the  greater  is  the  tendency  to 
retard  eurrent  of  the  same  frequency.  This 
characteristic  of  a  eoil,  which  depends  both 
upon  frequency  and  inductance,  is  termed  the 
reactance,  or  inductive  reactance. 

We  can  readily  understand  how  very  differ¬ 
ent  will  be  the  performance  of  any  condenser 
when  direct  or  alternating  voltages  are  applied 
to  it.  The  direct  voltages  will  cause  a  sudden 
charging  eurrent,  but  that  is  all.  The  alternat¬ 
ing  voltages  will  result  in  the  condenser  be- 
coming  charged  first  in  one  direction  and  then 
the  other  —  this  rapidly  changing  charging 
eurrent  actually  being  the  equivalent  of  an 
alternating  eurrent  through  the  condenser. 
Many  of  the  condensers  in  radio  circuits  are 
used  just  because  of  this  effect.  They  serve  to 
allow  an  alternating  eurrent  to  flow  through 
some  portion  of  the  circuit  but  at  the  same 
time  prevent  the  flow  of  any  direct  eurrent. 

Of  course,  condensers  do  not  permit  alter¬ 
nating  currents  to  flow  through  them  with  per¬ 
fect  ease.  They  impede  an  alternating  eurrent 
just  as  an  inductance  does.  The  term  capacitive 
reactance  is  used  to  describe  this  effect  in  the 
case  of  condensers.  Condensers  have  a  react¬ 
ance  which  is  inversely  proportional  to  the 
capacitance  and  to  the  frequency  of  the  ap¬ 
plied  voltage. 

■  It  should  not  be  thought  that  the  reactance 
of  coils  becomes  infinitely  high  as  the  fre¬ 
quency  is  increased  to  a  high  value  and,  like- 
wise,  that  the  reactance  of  condensers  becomes 
infinitely  low  at  high  frequencies.  All  coils  have 
some  capacity  between  turns,  and  the  react¬ 
ance  of  this  capacity  can  become  low  enough 
at  some  high  frequencies  to  tend  to  cancel  the 
high  reactance  of  the  coil.  Likewise,  the  leads 
and  plates  of  condensers  will  have  considerable 
inductance  at  high  frequencies,  which  will 
tend  to  offset  the  capacitive  reactance  of  the 
condenser  itself.  For  these  reasons,  chokes  for 
high-frequency  work  must  be  designed  to  have 
low  “distributed”  capacity,  and  condensers 
must  be  wired  with  short,  heavy  leads  to  have 
low  inductance.  Formulas  for  calculating  in¬ 
ductive  and  capacitive  reactance  can  be  found 
in  Chapter  Twenty. 

Phase 

It  has  been  mentioned  that  in  a  circuit 
containing  inductance,  the  rise  of  eurrent  is 
delayed  by  the  effect  of  electrical  inertia  pre- 
sented  by  the  inductance.  Both  increases  and 
decreases  of  eurrent  are  similarly  delayed.  It 
is  also  true  that  a  eurrent  must  flow  into  a 
condenser  before  its  dements  can  be  charged 
and  so  provide  a  voltage  difference  between  its 
terminals.  Because  of  these  facts,  we  say  that 
a  eurrent  “lags”  behind  the  voltage  in  a 
circuit  which  has  a  preponderance  of  induc¬ 
tance  and  that  the  eurrent  “leads”  the  voltage 


in  a  circuit  where  capacity  predominates.  Fig. 
310  shows  three  possible  conditions  in  an  alter¬ 
nating  eurrent  circuit.  In  the  first,  when  the 
load  is  a  pure  resistance,  both  voltage  and 
eurrent  rise  to  the  maximum  values  simul- 
taneously.  In  thi3  case  the  voltage  and  eurrent 
are  said  to  be  in  phase.  In  the  second  instance, 
the  existence  of  inductance  in  the  circuit  has 
caused  the  eurrent  to  lag  behind  the  voltage. 
In  the  diagram,  the  eurrent  is  lagging  one 
quarter  cycle  behind  the  voltage.  The  eurrent 
is  therefore  said  to  be  90  degrees  out  of  phase 
with  the  voltage  (360  degrees  being  the  com¬ 
plete  cycle).  In  the  third  example,  with  a 
capacitive  load,  the  voltage  is  lagging  one 
quarter  cycle  behind  the  eurrent.  The  phase 
difference  is  again  90  degrees.  These,  of  course, 
are  theoretical  examples  in  which  it  is  assumed 
that  the  inductance  and  the  condenser  have 
no  resistance.  Actually,  the  angle  of  lag  or 
lead  ( phase  angle )  depends  on  the  ratio  of 
reactance  to  resistance  in  the  circuit. 

Another  kind  of  phase  relationship  fre- 
quently  encountered  in  radio  work  is  that 
between  two  alternating  currents  of  identical 
frequency  flowing  simultaneously  in  the  same 
circuit.  Even  in  a  circuit  of  pure  resistance  the 
two  currents  will  augment  or  nullify  each 
other,  depending  on  whether  they  are  in  phase 
or  out  of  phase.  When  two  such  currents  are 
of  the  same  frequency  and  in  phase  they  are 
said  to  be  synchronized,  the  maximum  ampli¬ 
tude  of  the  combination  then  being  the  arith- 
metical  sum  of  the  two  separate  amplitudes. 
The  maximum  amplitude  will  be  lessened  as 
the  phase  differs,  reducing  to  zero  amplitude 
with  two  equal  currents  when  the  phase  angle 
becomes  180  degrees.  The  latter  condition  is 


(d)  Current  and  Voltage  ’/n  fViare'ivitti  Pure  Pesutance 
in  circuit 


(bj  Current  ‘lagginf  Voltage  with  Pure  Inductance 
in  circuit  '  J  J 


Fig.  310  —  Voltage  and  current  phase  relations  with 
resistance  and  reactance  circuits. 
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known  as  phase  opposilion  or,  more  commonly, 
out  of  phase. 


Impedance  ( Z ) 

The  combined  effect  of  resistance  and 
reactance  is  termed  impedance  in  the  case  of 
both  coils  and  condensers.  The  Symbol  for 
impedance  is  Z  and,  for  a  series  circuit,  it  is 
computed  from  the  formula: 

Z  =  VR2  +  X2 

where  R  is  the  resistance  and  X  is  the  react¬ 
ance.  The  terms  Z ,  R  and  X  are  all  expressed 
in  ohms.  Ohm’s  Law  for  alternating  current 
circuits  then  becomes 


I  = 


E 
I  ; 


E  =  IZ 


When  a  circuit  contains  resistance,  capaci- 
tance  and  inductance,  all  three  in  series,  the 
value  of  reactance  will  be  the  difference  be- 
tween  that  of  the  coil  and  that  of  the  condenser. 
Since  for  a  given  coil  and  condenser  the  induc- 
tive  reactance  increases  with  frequency  and 
capacitive  reactance  decreases  with  frequency, 
the  inductive  reactance  (designated  Xjf)  is 
conventionally  considered  positive  and  the 
capacitive  reactance  ( Xc )  negative.  The  net 
impedance  X  —Xi,  —  Xc- 

In  finding  the  current  flow  through  a  con¬ 
denser  in  an  alternating  current  circuit  we  can 
E 

usually  assume  that  I  =  .  The  use  of  the 

Ac 

term  Z  (impedance)  is,  in  such  cases,  made 
unnecessary  because  the  resistance  of  the 
usual  good  condenser  is  not  high  enough  to 
warrant  consideration.  When  there  is  a  resist¬ 
ance  in  series  with  the  condenser,  however,  it 
can  be  taken  into  account  in  exactly  the  same 
manner  as  the  resistance  of  the  coil.  The  im¬ 
pedance  of  the  condenser-resistance  combina¬ 
tion  is  then  computed  and  used  as  the  Z  term 
in  the  Ohm’s  Law  formulas. 


Resonance 

It  has  been  shown  that  the  inductive  react¬ 
ance  of  a  coil  and  the  capacitive  reactance  of  a 
condenser  are  oppositely  affected  with  fre¬ 
quency.  Inductive  reactance  increases  with 
frequency;  capacitive  reactance  decreases  as 
the  frequency  increases.  In  any  combination  of 
inductance  and  capacitance,  therefore,  there  is 
one  particular  frequency  for  which  the  induc¬ 
tive  and  capacitive  reactances  are  equal  and, 
since  these  two  reactances  oppose  each  other, 
for  which  the  net  reactance  becomes  zero, 
leaving  only  the  resistance  of  the  circuit  to 
impede  the  flow  of  current.  The  frequency  at 
which  this  occurs  is  known  as  the  resonant 
frequency  of  the  circuit  and  the  circuit  is  said  to 
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be  in  resonance  at  tliai  frequency  or  tunect  to 
that  frequency. 

The  resonant  frequency  of  a  simple  circuit 
containing  inductance  and  capacity  is  given  by 


1 


2tVLC 


=  x  106 


where 

ƒ  is  the  frequency  in  kilocycles  per  second 
2ir  is  6.28 

L  is  the  inductance  in  microhenrys  (/ah.) 

C  is  the  capacitance  in  micro-microfarads 

(w*M.) 

The  resonance  equation  in  terms  of  wave- 
length  is 


X  =  1.885  y/L/ih.  C/jLfiii. 

where 

X  is  the  wavelength  in  meters 

Lu h-  is  the  inductance  in  microhenrys 

CuutA-  is  the  capacitance  in  mieromicrofarads 

All  practical  tuned  circuits  can  be  treated 
as  either  one  of  two  general  types.  One  is  the 
series  resonant  circuit  in  which  the  inductance, 
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Fig.  311  —  Cbaractemtics  of  series-resonant  and 
parallel-reeonant  circuits. 


capacitance,  resistance  and  source  of  voltage 
are  in  series  with  each  other.  With  a  constant- 
voltage  alternating  current  applied  as  shown  in 
A  of  Fig.  311  the  current  flowing  through  such 
a  circuit  will  be  maximum  at  resonant  fre¬ 
quency.  The  magnitude  of  the  current  will  be 
determined  by  the  resistance  in  the  circuit. 
The  curves  of  Fig.  311  illustrate  this,  curve  a 
being  for  minimum  resistance  and  curves  b  and 
c  being  for  greater  resistances. 

The  second  general  case  is  the  parallel  reso¬ 
nant  circuit  illustrated  in  B  of  Fig.  311.  This 
also  contains  inductance,  capacitance  and 
resistance  in  series,  but  the  voltage  is  applied 
in  parallel  with  the  combination  instead  of  in 
series  with  it  as  in  A.  Here  we  are  not  primarily 
interested  in  the  current  flowing  through  the 
circuit  but  in  its  characteristics  as  viewed  from 
its  terminals,  especially  in  the  parallel  im¬ 
pedance  it  offers.  The  variation  of  parallel 
impedance  of  a  parallel  resonant  circuit  with 
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frequency  is  illustrated  by  the  same  curves  of 
Fig.  311  that  show  the  variation  in  current 
with  frequency  for  the  series  resonant  circuit. 
The  parallel  impedance  is  maximum  at  reso- 
nance  and  increases  with  decreasing  series 
resistance.  Although  both  series  and  parallel 
resonant  circuits  are  generally  used  in  radio 
work,  the  parallel  resonant  circuit  is  most 
frequently  found,  as  inspection  of  the  dia- 
grams  of  the  equipment  described  in  subse- 
quent  chapters  will  show. 

High  parallel  impedance  is  generally  desira- 
ble  in  the  parallel  resonant  circuit  and  low 
series  impedance  is  to  be  sought  in  series  reso¬ 
nant  circuits.  Hence  low  series  resistance  is 
desirable  in  both  cases. 

Sharpness  of  Resonance  (Q) 

It  is  to  be  noted  that  the  curves  become 
“flatter”  for  frequencies  near  resonance  fre¬ 
quency  as  the  internal  series  resistance  is 
increased,  but  are  of  the  same  shape  for  all  re- 
sistances  at  frequencies  further  removed  from 
resonance  frequency.  The  relative  sharpness  of 
the  resonance  curve  near  resonance  frequency 
is  a  measure  of  the  sharpness  of  tuning  or 
selectivity  (ability  to  discriminate  between 
voltages  of  different  frequencies)  in  such  cir¬ 
cuits.  This  is  an  important  consideration  in 
tuned  circuits  used  for  radio  work.  Since  the 
eSective  resistance  is  practically  all  in  the 
coil,  the  condenser  resistance  being  negligible 
(except  at  28  Mc.  and  higher),  the  efficiency  of 
the  coil  is  normally  the  important  thing  de- 
termining  the  “goodness”  of  a  tuned  circuit. 
A  useful  measure  of  coil  efficiency,  and  hence  of 
tuned  circuit  selectivity,  is  the  ratio  of  the 
coil’s  reactance  to  its  effective  series  resistance. 
This  ratio  is  designated  by  Q. 

Q=nr 

The  value  of  Q  is  determined  directly  from 
the  resonance  curve  of  either  a  series-resonant 
or  parallel-resonant  circuit  as  shown  in  Fig. 
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Fig.  312  —  How  the  value  of  Q  ia  determined  from  the 
resonance  curve  of  a  single  circuit. 


312.  It  is  given  by  the  ratio  of  the  resonance 
frequency  to  the  difference  between  the  fre¬ 
quencies  at  which  the  series  current  (for  the 
series-resonant  circuit)  or  the  parallel  voltage 
(for  the  parallel-resonant  circuit)  becomes 
70%  of  the  maximum  value.  A  value  of  Q  that 
represents  a  well-designed  coil  at  the  lower 
frequencies  will  also  represent  an  efficiënt  coil 
on  the  higher  frequencies.  This  value  ranges 
from  100  to  several  hundred  for  good  receiving 
coils  and  slightly  higher  for  transmitter  in- 
ductances.  It  must  be  remembered,  however, 
that  Q  represents  a  ratio,  so  that  the  actual 
frequency  width  of  the  resonance  curve  would 
be  proportionately  greater  for  a  high-frequency 
circuit  than  for  a  low-frequency  circuit  having 
the  same  value  of  Q. 

Parallel-Resonant  Circuit  Impedance 
The  parallel-resonant  circuit  offers  pure 
resistance  (its  resonant  impedance)  between 
its  terminals  at  resonance  frequency,  and  be¬ 
comes  reactive  for  frequencies  higher  and  lower. 
The  manner  in  which  this  reactance  varies 
with  frequency  is  shown  by  the  indicated  curve 
in  Fig.  313.  This  figure  also  shows  the  parallel 
resistance  component  which  combines  with  the 


Fig.  313  —  The  impedance  of  a  parallel-resonant 
circuit  separated  into  its  reactance  and  resistance 
components.  The  parallel  resistance  is  equal  to  the 
parallel  impedance  at  resonance. 

reactance  to  make  up  the  impedance.  The  re¬ 
active  nature  of  parallel  impedance  at  fre¬ 
quencies  off  resonance  is  important  in  a  num- 
ber  of  practical  applications  of  parallel-tuned 
circuits,  in  both  transmitters  and  receivers, 
and  it  will  be  helpful  to  keep  this  picture  in 
mind. 

The  maximum  value  of  parallel  impedance 
which  is  obtained  at  resonance  is  proportional 
to  the  inductance  and  inversely  proportional 
to  the  capacity  and  series  resistance.  (This 
resistance  should  not  be  confused  with  the 
resistance  component  of  parallel  impedance 
which  has  just  been  mentioned.) 

Resonant  impedance  =  - 

RC  R 

a.  2tt frL  n 

Since  — ——  =  Q, 

R 
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Resonant  impedance  =  (2x/rL)Q 

In  other  words,  the  impedance  is  equal  to  the 
inductive  reactance  of  the  coil  (at  resonant 
frequency)  times  the  Q  of  the  circuit.  Hence, 
the  voltage  developed  a cross  the  parallel 
resonant  circuit  will  be  proportional  to  its  Q. 
For  this  reason  the  Q  of  the  circuit  is  not  only  a 
measure  of  the  selectivity,  but  also  of  its  gain 
or  amplification,  since  the  voltage  developed 
across  it  is  proportional  to  Z.  Likewise,  the  Q 
of  a  circuit  is  related  to  the  frequency  stability 
of  an  oscillator  in  which  it  is  used,  the  fre¬ 
quency  stability  being  generally  better  as  the 
circuit  Q  is  higher. 

The  L-C  ratio  of  a  circuit  is  often  mentioned, 
and  it  is  simply  the  ratio  of  inductance  to 
capacity  in  any  particular  circuit.  A  “high-L” 
(or  “low-C”)  circuit  is  one  with  more  than  nor- 
mal  inductance  for  the  frequency  or  applica- 
tion. 

Piezo  Electricity 

Properly-ground  crystals  of  quartz,  tourma- 
line  and  other  materials  show  a  mechanical 
strain  when  subjected  to  an  electric  charge 
and,  conversely,  will  show  a  difference  in  po- 
tential  between  two  faces  when  subjected  to 
mechanical  stress.  This  characteristic  is  called 
the  piezo-electric  effect  and  is  utilized  in  several 
ways.  Rochelle-salt  crystals  are  utilized  as 
microphone  and  headphone  elements.  A 
properly-ground  quartz  crystal  is  electrically 
equivalent  to  a  series  circuit  of  very  high  Q 
and  as  such  is  used  to  replace  the  frequency- 
determining  coil  and  condenser  in  an  oscillator 
circuit  (see  Chapter  Five).  It  can  also  be  used 
as  a  filter  in  the  intermediate-frequency 
amplifier  of  a  superheterodyne  receiver  to  give 
greatly  increased  selectivity  (see  Chapter 
Four). 

•  CIRCUITS  WITH  DISTRIBUTED  CON¬ 
STANTS  —  ANTENNAS  AND  R.F.  CHOKES 

In  addition  to  resonant  circuits  containing 
lumped  capacitance  and  inductance,  there  are 
important  tuned  circuits  which  utilize'the  dis¬ 
tributed  capacitance  and  inductance  that  are 
inevitable  even  in  a  circuit  consisting  of  a 
single  straight  conductor.  Transmitting  and 
receiving  antennas  are  such  circuits  and  de- 
pend  on  their  distributed  capacitance  and 
inductance  for  tuning.  A  peculiarity  of  such  a 
circuit  is  that  when  it  is  excited  at  its  resonant 
frequency  the  current  or  voltage,  as  measured 
throughoutitslength,  will  have  different  values 
at  different  points.  For  instance,  if  the  wire 
happens  to  be  one  in  “free  space”  with  both 
ends  open  circuited,  when  it  is  excited  at  its 
resonant  frequency  the  current  will  be  maximum 
at  the  center  and  zero  at  the  ends.  On  the  other 
hand,  the  voltage  will  be  maximum  at  the  ends 


and  zero  al  the  cenler.  The  explanatlon  of  this  Is 
that  the  traveling  waves  on  the  wire  are  re- 
flected  when  they  reach  an  end.  Succeeding 
waves  traveling  toward  the  same  end  of  the 
wire  (the  incident  waves)  meet  the  returning 
waves  ( reflecled  waves)  and  the  consequence  of 
this  meeting  is  that  currents  add  up  at  the 
center  and  voltages  cancel  at  the  center;  while 
voltages  add  up  at  the  ends  and  currents  can¬ 
cel  at  the  ends.  A  continuous  succession  of  such 
incident  and  reflected  waves  therefore  gives 
the  effect  of  a  standing  wave  in  the  circuit. 

A  similar  standing-wave  or  straight-line 
resonance  effect  is  experienced  even  when  the 
conductor  is  wound  in  a  long  spiral,  or  coil 
having  diameter  small  in  proportion  to  its 
length.  A  single-layer  radio-frequency  choke  is 
such  a  coil.  It  offers  particularly  high  im¬ 
pedance  between  its  ends  at  its  resonant  fre¬ 
quency  and  also,  as  will  be  presently  shown 
for  antennas,  at  multiples  of  its  fundamental 
resonant  frequency.  Either  side  of  these 
resonance  peaks  it  has  fairly  high  impedance, 
if  it  is  a  good  choke,  and  therefore  is  useful 
over  a  considerable  band  of  frequencies.  Prac- 
tically  the  same  results  are  obtained  with 
chokes  consisting  of  a  number  of  layer-wound 
sections,  with  all  the  sections  connected  in 
series. 

Frequency  and  Wavelength 

Although  it  is  possible  to  describe  the  con¬ 
stants  of  such  line  circuits  in  terms  of  in¬ 
ductance  and  capacitance,  or  in  terms  of 
inductance  and  capacitance  per  unit  length,  it 
is  more  convenient  to  give  them  simply  in 
terms  of  fundamental  resonant  frequency  or  of 
length.  In  the  case  of  a  straight-wire  circuit, 
such  as  an  antenna,  length  is  inversely  propor¬ 
tional  to  lowest  resonant  frequency.  Since  the 
velocity  of  the  waves  in  space  is  300,000  kilo¬ 
meters  (186,000  miles)  per  second,  the  wave- 
length  of  the  waves  is 

^  _  300,000 
ƒ*.. 

where  X  is  the  wavelength  in  meters  and  ƒ**.  is 
the  frequency  in  kilocycles.  The  electrical  length 
of  an  antenna  is  specified  in  terms  of  the  wave¬ 
length  corresponding  to  the  lowest  frequency 
at  which  it  will  be  resonant.  This  is  known  as 
its  fundamental  frequency  or  wavelength.  As 
shown  in  the  chapters  on  Antennas,  the  physi- 
cal  length  is  a  few  percent  less  than  an  actual 
half-wavelength  for  an  ungrounded  (Hertz) 
antenna  and  a  quarter-wavelength  for  a 
grounded  (Marconi)  antenna.  This  shortening 
effect  occurs  because  the  velocity  of  the  waves 
is  less  in  a  conductor  than  in  space.  It  is  com- 
mon  to  describe  antennas  as  half-wave,  quarter- 
wave,  etc.,  for  a  certain  frequency  (“half-wave 
7000-kc.  antenna,’’  for  instance). 
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Wavelength  is  also  used  interchangeably 
with  frequency  in  describing  not  only  antennas 
but  also  for  tuned  circuits,  complete  trans- 
mitters,  receivers,  etc.  Thus  the  terms  “high- 
frequency  receiver”  and  “short-wave  re- 
ceiver,”  or  “75-meter  fundamental  antenna” 
and  “4000-kilocycle  fundamental  antenna” 
are  synonymous. 

Harmonie  Resonance 

Although  a  coil-condenser  combination  hav- 
ing  lumped  constants  (capacitance  and  in- 
ductance)  resonates  at  only  one  frequency, 
circuits  such  as  antennas  containing  distrib- 
uted  constants  resonate  readily  at  frequencies 
which  are  very  nearly,  although  not  exactly, 
integral  multiples  of  the  fundamental  fre¬ 
quency  (or  wavelengths  that  are  integral 
fractions  of  the  fundamental  wavelength). 
These  frequencies  are  therefore  in  harmonie 
relationship  to  the  fundamental  frequency 
and,  hence,  are  referred  to  as  harmonies.  In 
radio  practice  the  fundamental  itself  is  called 
the  first  harmonie,  the  frequency  twice  the 
fundamental  is  called  the  second  harmonie,  and 
so  on. 

Fig.  314  illustrates  the  distribution  of  the 
standing  waves  on  a  Hertz  antenna  for 
fundamental,  second  and  third  harmonie  ex- 


Fig.  314  —  Standin  g-wave  current  distribution  on  an 
antenna  operating  as  an  oscillatory  circuit  at  its  funda¬ 
mental,  second  harmonie  and  third  harmonie  frequencies. 

citation.  There  is  one  point  of  maximum  cur¬ 
rent  with  fundamental  operation,  there  are 
two  when  operation  is  at  the  second  harmonie 
and  three  at  the  third  harmonie;  the  number  of 
current  maxima  corresponds  to  the  order  of  the 
harmonie  and  the  number  of  standing  waves  on 
the  wire.  As  noted  in  the  figure,  the  points  of 
maximum  current  are  called  anti-nodes  (also 
known  as  “loops”)  and  the  points  of  zero 
current  are  called  nodes. 

Radiation  Resistance 
It  will  be  remembered  that  it  was  shown  that 
current  flow  in  a  conductor  was  accompanied 
by  a  magnetic  field  about  the  conductor;  and 
that  with  an  alternating  current  the  energy  was 
altemately  stored  in  the  field  in  the  form  of 
lines  of  magnetic  force  and  returned  to  the  wire. 


But  when  the  frequency  becomes  higher  than 
15,000  cycles  or  so  (radio  frequency)  all  the 
energy  stored  in  the  field  is  not  returned  to  the 
conductor  but  some  escapes  in  the  form  of 
electro-magnetic  waves.  In  other  words,  energy 
is  radiated.  Energy  radiated  by  an  antenna  is 
equivalent  to  energy  dissipated  in  a  resistor. 
The  value  of  this  equivalent  resistance  is 
known  as  radiation  resistance.  The  approximate 
value  of  power  in  an  antenna  can  be  computed 
by  multiplying  the  assumed  radiation  resist¬ 
ance  by  the  square  of  the  maximum  current  in 
the  antenna. 

Resonant-Line  Circuit 

The  effective  resistance  of  a  resonant  straight 
wire  —  that  is,  of  an  antenna  —  is  seen  to  be 
considerable.  Because  of  the  power  radiated, 
or  “coupled”  to  the  surrounding  medium,  the 
resonance  curve  of  such  a  straight-line  circuit 
is  quite  broad.  In  other  words,  its  Q  is  relatively 
low.  However,  by  folding  the  line,  as  suggested 
by  Fig.  315,  the  fields  about  the  adjacent  sec- 
tions  largely  cancel  each  other  and  very  small 
radiation  results.  The  radiation  resistance  is 
greatly  reduced  and  we  have  a  line-type  circuit 
which  can  be  made  to  have  a  very  sharp 
resonance  curve  or  high  Q. 

A  circuit  of  this  type  will  have  a  standing 
wave  on  it,  as  shown  by  the  dash-line  of  Fig. 
315,  with  the  instantaneous  current  flow  in 
each  wire  opposite  in  direction  to  the  flow  in 
the  other,  as  indicated  by  the  arrows  on  the 
diagram.  This  opposite  current  flow  accounts 
for  the  cancellation  of  radiation.  Furthermore, 
the  impedance  across  the  open  ends  of  the  line 
will  be  very  high,  thousands  of  ohms,  while 
the  impedance  across  the  line  near  the  closed 
end  will  be  very  low,  as  low  as  5  ohms  or  so  at 
the  least. 


Matched -Impedance  Lines 
If  a  two-wire  line  were  made  infinitely  long 
there  would  be  no  reflection  from  its  far  end 
when  radio-frequency  energy  was  supplied  to 
the  input  end.  Hence,  there  would  be  no  stand¬ 
ing  waves  on  the  line  and  it  would  be,  in  effect, 
non-resonant.  The  input  impedance  of  such 
a  line  would  have  a  definite  value  (resistive) 
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Fig.  315  —  Standing  wave  and  instantaneous  current 
conditions  of  a  folded  resonant-line  circuit. 
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determined,  practically,  by  the  siize  c*  the 

wires,  their  spacing  and  the  dielectric  between 
them.  This  impedance  is  called  the  surge  im- 
pedance  or  characteristic  impedance.  If  this 
line  were  cut  and  it  was  terminated,  at  a 
definite  distance  from  the  input  end,  by  an 
impedance  equal  to  the  surge  impedance  of 
the  infinite  line,  again  there  would  be  no  reflec- 
tions  from  the  far  end  and,  consequently,  no 
standing  waves. 

Resonant  lines  and  lines  terminated  in  their 
characteristic  impedance  find  much  application 
in  coupling  transmitters  and  receivers  to  an¬ 
tenna  Systems. 

•  COUPLED  CIRCUITS 

Resonant  circuits  are  not  used  alone  in  very 
many  instances  but  are  usually  associated  with 
other  resonant  circuits  or  are  coupled  to  other 
circuits.  It  is  by  such  coupling  that  energy  is 
transferred  from  one  circuit  to  another.  Such 
coupling  may  be  direct,  as  shown  in  A,  B  and  C 
of  Fig.  316,  utilizing  as  the  mutual  coupling 
element,  inductance  (A),  capacitance  (B)  or 
resistance  (C).  These  three  types  of  coupling 
are  known  as  direct  inductive,  direct  capacitive, 
or  direct  resistive,  respectively.  Current  circu- 
lating  in  one  LC  branch  flows  through  the  com- 
mon  element  (6',  It  or  L)  and  the  voltage  de- 
veloped  across  this  element  causes  current 
flow  in  the  other  CL  branch.  Other  types  of 
coupling  are  the  indirect  capacitive  and  trans- 
former  or  inductive  shown  below  the  others. 
The  coupling  most  common  in  high-frequency 
circuits  is  of  the  latter  type.  In  such  an  ar¬ 
rangement  the  coupling  value  may  be  changed 
by  changing  the  number  of  active  turns  in 
either  coil  or  by  changing  the  relative  posi- 
tion  of  the  coils  (distance  or  angle  between 
them). 

AU  of  the  above  coupling  schemes  may  be 
classified  as  either  tight  or  loose.  Coupling 
cannot,  however,  be  measured  simply  in 
“inches”  separation  of  coils.  The  separation 
between  the  coils  (distance  and  angle  between 
axes)  and  the  inductance  in  each  determine 
the  coëfficiënt  of  coupling. 


Coëfficiënt  of  Coupling  ( k ) 

The  common  property  of  two  coils  which 
gives  transformer  action  is  their  mutual  in¬ 
ductance  ( M ).  lts  value  is  determined  by  self- 
inductance  of  each  of  the  two  coils  and  their 
position  with  respect  to  each  other.  In  practice, 
the  coupling  between  two  coils  is  given  in 
terms  of  their  coëfficiënt  of  coupling,  designated 
by  k.  The  coupling  is  maximum  (unity  or 
100%)  when  all  of  the  lines  of  force  produced 
by  one  coil  link  with  all  of  the  turns  of  the 
other.  With  air-core  coils  in  radio-frequency 
circuits  the  coupling  is  much  “looser”  than 
this,  however.  It  is  generally  expressed  by  the 
folio wing  relation: 


in  which  k  is  the  coëfficiënt  of  coupling  ex¬ 
pressed  either  as  a  decimal  part  of  1,  or,  when 
multiplied  by  100,  as  a  percentage;  M  is  the 
mutual  inductance;  Li  is  the  self-inductance 
of  one  coil;  and  Li  is  the  self-inductance  of  the 
other  coil.  M,  Li  and  Li  must  be  in  the  same 
units  (henrys,  millihenrys  or  microhenrys). 

Critical  coupling  is  that  which  gives  the 
maximum  transfer  of  energy  from  the  primary 
to  the  secondary.  However,  the  sharpness  of 
resonance  for  the  combination  is  considerably 
lessened  under  this  condition.  With  coupling 
greater  than  critical,  the  resonance  curve  has 
two  “humps”  appreciably  separated.  For  good 
selectivity  the  coupling  is  therefore  made  con¬ 
siderably  less  than  the  critical  value,  even 
though  this  reduces  the  amplification  or  gain. 

Impedance  Matching 

It  should  be  kept  in  mind  that,  as  has  been 
previously  mentioned,  both  single  resonant 
circuits  and  coupled  circuits  are  used  in  con- 
junction  with  other  circuit  elements.  These 
other  elements  introducé  resistance  into  the 
resonant  circuits,  and  modify  the  constants 
that  they  would  have  by  themselves.  In  prac¬ 
tice  it  is  seldom  possible  for  the  amateur  to  pre- 
calculate  the  effect  of  such  reactions,  since  the 
other  quantities  are  usually 
unknown.  In  any  case,  it  is 
usually  necessary  to  arrivé  at 
“best  conditions”  by  the 
practical  process  of  adjust- 
ment.  However,  theforegoing 
generalinformation  is  helpful 
in  preliminary  design  or  choice  of  tuned 
circuit  combinations,  and  in  understanding 
why  certain  changes  are  likely  to  cause 
different  behavior  in  circuit  performance. 

It  is  a  well-known  principle  in  radio 
circuit  design  that  the  maximum  gross 
power  of  a  generator,  such  as  a  vacuum 
tube,  will  be  delivered  to  its  load  when  the 
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ioad  resistance  is  equal  to  the  internal 
resistance  of  the  generator.  In  other 
words,  maximum  power  would  be  taken 
from  the  generator  when  its  resistance 
was  exactly  matched  by  the  load  resist¬ 
ance.  Although  thia  particular  state¬ 
ment  is  literally  true,  it  might  not  de- 
scribe  the  most  desirable  condition  of  load- 
ing.  For  one  thing,  the  efficiency  would  be 
only  50%,  half  the  power  being  consumed  in 
the  generator  and  half  in  the  load.  From 
the  principle,  ho wever,  has  grown  up  a  Sys¬ 
tem  of  more  or  less  Standard  practice  in  de- 
signing  radio  circuits  which  comes  under  the 
broad  heading  of  impedance  matching.  The 
term  means,  generally,  that  the  load  impedance 
presented  to  the  source  is  transformed  to  suit 
given  requirements.  This  is  accomplished  by 
transformers  and  other  coupling  devices. 

Iron-core  transformers  are  widely  used  for 
coupling  between  load  and  vacuum-tube  in 
audio-frequency  amplifiers,  for  instance.  In 
such  cases  the  value  of  proper  load  resistance 
(load  impedance)  for  maximum  undistorted 
power  output  will  be  given  for  the  tube.  This 
load  resistance,  it  will  be  noted,  is  not  the  same 
as  the  rated  plate  resistance  of  the  tube, 
which  is  equivalent  to  its  internal  resistance  as 
a  generator.  A  second  figure  will  be  given  for 
the  actual  impedance  of  the  load  device  to 
which  the  tube  must  supply  undistorted  power. 
The  matching  of  this  load  to  the  given  require¬ 
ments  of  the  tube  is  the  job  of  the  coupling 
transformer,  the  job  being  to  make  the  actual 
impedance  of  the  load  device  appear  as  the 
rated  load  impedance  of  the  tube,  so  far  as  the 
tube  is  concerned.  This  requires  that  the  trans¬ 
former  have  the  proper  ratio  of  secondary  to 
primary  turns.  The  turn  ratio  will  be  equal  to  the 
square  root  of  the  impedance  ratio. 

N.  m  ÏZ. 

N,  \Z„ 

where  N,  and  Np  are  the  numbers  of  secondary 
and  primary  turns,  Z,  is  the  impedance  of  the 
load  device  and  Zr  is  the  rated  load  resistance 
of  the  tube.  This  will  also  be  the  voltage  ratio 
of  the  transformer. 

Transformers  are  also  used  to  provide  proper 
impedance  matching  in  radio-frequency  cir¬ 
cuits,  although  here  the  problem  is  not  one 
of  simply  choosing  a  calculated  turn  ratio. 
Rather,  the  right  condition  is  arrived  at  by  ad- 
justment  of  turns  and  distance  between  coils. 

Matching  by  Tapped  Circuits 

In  addition  to  impedance  matching  by  in- 
ductive  coupling  with  tuned  circuits,  frequent 
use  is  made  of  tapped  resonant  circuits.  Two 
methods  for  parallel  resonant  circuits  are  il- 
lustrated  in  Fig.  317.  In  one  case  (A)  the 
tapping  is  across  part  of  the  coil,  while  in  the 


A 

Fig.  31 7  —  Methods  of  tappin  g  the  parallel  impedance 
of  resonant  circuits  for  impedance  matching. 

other  (B)  it  is  across  one  of  two  tuning  con- 
densers  in  series.  In  both  cases  the  impedance 
between  the  tap  points  will  be  to  the  iotal  imped¬ 
ance  practically  as  the  square  of  the  reactance 
between  the  tap  points  is  to  the  iotal  reactance  of 
the  branch  in  which  the  tapping  is  done.  That  is, 
if  the  coil  is  tapped  at  a  point  where  the  re¬ 
actance  between  the  tap  points  is  one-half 
the  total  inductive  reactance,  the  impedance 
between  these  points  will  be  (J^)2  or  one- 
fourth  the  total  parallel  impedance  of  the  cir¬ 
cuit.  The  same  will  apply  if  the  tap  is  made 
across  one  of  two  equal  capacitance  condensers 
connected  in  series.  If  the  condenser  across 
which  the  tap  was  made  had  twice  the  capaci¬ 
tance  of  the  other,  however,  the  impedance 
Z0  would  be  one-ninth  the  total,  since  the  re¬ 
actance  between  the  tap  points  would  then  be 
but  a  third  —  capacitive  reactance  decreasing 
as  the  capacitance  is  increased. 

Link  Coupling 

Another  coupling  arrangement  used  for  im- 
pedanee  matching  radio-frequency  circuit  is 
that  known  as  link  coupling.  It  is  used  for 
transferring  energy  between  two  tuned  circuits 
which  are  separated  by  space  so  that  there  is 
no  direct  mutual  coupling  between  the  two 
coils.  It  is  especially  helpful  in  minimizing  in- 
cidental  capacitive  coupling  between  the  two 
circuits  due  to  the  distributed  capacitance  of 
the  windings,  thereby  minimizing  the  transfer 
of  undesired  harmonie  components  of  the  de- 
sired  fundamental.  Two  typical  versions  of 
link  coupling  are  shown  in  Fig.  318.  Both  rep- 
resent  an  i  mpedance  step-down  from  one  tuned 
circuit  to  the  coupling  line,  and  then  an  im- 
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Fig.  318  —  Methods  of  using  link  coupling  for 
impedance  matching. 
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pedance  step-up  from  the  line  to  the  other 

tuned  circuit. 

The  arrangement  of  Fig.  318-A  will  be 
recognized  as  an  adaptation  of  the  impedance- 
tapping  method  previously  shown  in  Fig. 
317-A.  It  is  sometimes  called  auto-transformer 
link  coupling,  because  the  link  turns  are  also 
included  in  the  tuned-circuit  turns.  The  ar¬ 
rangement  of  318-B  dififers  only  in  that  the 
link  turns  are  separate  and  inductively  coupled 
to  the  tuned-circuit  turns.  The  latter  system  is 
somewhat  more  flexible  in  adjustment  than  the 
tapping  method,  since  the  coupling  at  either 
end  of  the  line  can  be  adjusted  in  small  steps 
by  moving  the  link  turns  with  respect  to  the 
tuned-circuit  coils. 

•  COMPLEX  WAVES 

Alternating  currents  having  the  ideal  sine- 
wave  form  are  practically  never  found  in 
actual  radio  circuits,  although  waves  closely 
approximating  the  perfectly  sinusoidal  can  be 
generated  with  laboratory-type  equipment.  In 
the  usual  case,  such  a  current  actually  has 
components  of  two  or  more  frequencies  inte- 
grally  related,  as  shown  in  Fig.  319.  Any  com¬ 
plex  wave-form  can  be  resolTred  into  a  funda- 
mental  frequency  and  a  number  of  whole- 
number  multiple  frequencies  called  harmonies. 
The  harmonie  of  doublé  frequency  is  the  second 
harmonie,  one  of  triple  frequency  the  third, 
etc.  Although  the  wave  resulting  from  the 
combination  is  non-sinusoidal  the  wave-form 
of  each  component  taken  separately  has  the 
sine-wave  form.  The  resultant  form  of  the  com¬ 
plex  wave  will  depend  on  the  number  and 
amplitude  of  the  harmonies  and  the  phase 
angles  between  the  harmonies  and  the  funda- 
mental. 

If  a  current  of  pure  sine-wave  form  is  passed 
through  some  electrical  device  that  distorts  the 
wave-form,  i.e.,  changes  its  shape  from  the 
original,  the  resultant  current  must  necessarily 
be  made  up  of  the  fundamental  plus  harmonie 


Fig.  319  —  A  complex  wave  and  its  sine-wave  com¬ 
ponents. 
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frequencies,  and  it  is  said  that  the  device 
“distorted”  the  wave-form  of  generated  har¬ 
monies.  Under  certain  conditions,  vacuum- 
tube  amplifiers  will  distort  the  wave-form  and 
generate  harmonies. 

The  effective  value  of  the  current  or  voltage 
for  such  a  complex  wave  will  not  be  the  same 
as  for  a  pure  sine  wave  of  the  same  maximum 
value.  Instead,  the  effective  value  for  the  com¬ 
plex  wave  will  be  equal  to  the  square  root  of  the 
sum  of  the  squares  of  the  effective  values  of  the 
individual  frequency  components.  That  is, 

E  =  VEi*  +  Ef  +  Ei 

where  E  is  the  effective  value  for  the  complex 
wave,  and  E\,  E?,  etc.,  are  the  effective  values 
of  the  fundamental  and  harmonies.  The  same 
relation  also  applies  where  currents  of  different 
frequencies  not  harmonically  related  flow  in 
the  same  circuit. 

Combined  A.C.  and  D.C. 

There  are  many  practical  instances  of  simul- 
taneous  flow  of  alternating  and  direct  current 
in  a  circuit.  When  this  occurs  there  is  a  pulsat - 


Fig.  320  —  Pulsating  current  composed  of  alternating 
current  superimposed  on  direct  current. 

inq  current  and  it  is  said  that  an  alternating 
current  is  superimposed  on  a  direct  current. 
As  shown  in  Fig.  320,  the  maximum  value  is 
equal  to  the  d.c.  value  plus  the  a.c.  maximum, 
while  the  minimum  value  (on  the  negative  a.c. 
peak)  is  the  difference  between  the  d.c.  and  the 
maximum  a.c.  values.  If  a  d.c.  ammeter  is  used 
to  measure  the  current,  only  the  average  or 
direct-current  component  will  be  indicated. 
An  a.c.  meter,  however,  will  show  the  effective 
value  of  the  combination.  But  this  effective 
value  is  not  the  simple  arithmetical  sum  of  the 
effective  value  of  the  a.c.  and  the  d.c.,  but  is 
equal  to  the  square  root  of  the  sum  of  the  effective 
a.c.  squared  and  the  d.c.  squared. 

1  =  VU  +  u* 

where  Iae  is  the  effective  value  of  the  a.c. 
component,  I  is  the  effective  value  of  the 
combination  and  Iic  is  the  average  (d.c.)  value 
of  the  combination.  If  the  a.c.  component  is  of 
sine-wave  form,  its  maximum  value  will  be  its 
effective  value,  as  determined  above,  multi- 
plied  by  1.414.  If  the  a.c.  component  is  not 
sinusoidal  the  maximum  value  will  have  a 
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different  ratio  to  the  effeetive  value,  of  course, 
depending  on  its  wave-form,  as  discussed  in 
the  preceding  section. 

Beats 

If  two  or  more  alternating  currents  of  differ¬ 
ent  frequencies  are  present  in  a  normal  circuit, 
they  have  no  particular  effect  upon  one  another 
and,  for  this  reason,  can  be  separated  again  at 
any  time  by  the  proper  selective  circuits. 
Ho  wever,  if  two  (or  more)  alternating  currents 
of  different  frequencies  are  present  in  an  ele¬ 
ment  having  unilateral  or  one-way  current 
llow  properties,  not  only  will  the  two  original 
frequencies  be  present  in  the  output  but  also 
currents  having  frequencies  equal  to  the  sum, 
and  difference,  of  the  original  frequencies. 
These  sum  and  difference  frequencies  are  called 
the  beat  frequencies.  For  example,  if  frequen¬ 
cies  of  2000  and  3000  kc.  are  present  in  a 
normal  circuit,  only  those  two  frequencies  exist, 
but  if  they  are  passed  through  a  unilateral- 
element  (such  as  a  properly-adjusted  vacuum 
tube)  there  will  be  present  in  the  output  not 
only  the  two  original  frequencies  of  2000  and 
3000  kc.  but  also  currents  of  1000  (3000  —  2000) 
and  5000  (3000  +  2000)  kc.  Proper  selective 
circuits  can  select  the  desired  beat  frequency. 

There  are  two  important  things  to  remember 
about  beats:  (1)  it  is  necessary  to  have  a  uni¬ 
lateral  (or  non-linear)  element  before  beats  can 
be  generated,  and  (2)  both  sum  and  difference 
frequencies  exist  in  the  output,  as  well  as  the 
original  frequencies. 

•  ELECTRONS  IN  MOTION  — RADIO 

CIRCUITS  AND  COMMUNICATION 

It  has  already  been  briefly  mentioned  that 
when  alternating  current  reaches  a  frequency 
of  15,000  cycles  or  higher  not  all  of  the  energy 
stored  in  the  magnetic  field  of  a  coil  (or  the 
electrostatic  field  of  a  condenser)  returns,  but 
that  some  of  the  energy  escapes  in  the  form  of 
electromagnetic  radiation.  In  other  words,  the 
energy  is  radiated  into  space.  Not  much  escapes 
from  the  conventional  coil  or  condenser,  but  a 
great  deal  is  radiated  from  a  resonant  wire,  as 
mentioned  before.  As  the  frequency  is  in- 
creased,  more  and  more  of  the  total  energy  is 
radiated,  and  most  radio  antennas  at  the  higher 
frequencies  radiate  practically  all  of  the  energy 
introduced  into  them.  This  radiation  through 
space  is  the  basis  of  all  radio  communication. 

You  now  have  the  complete  picture  of  the 
family  of  moving  electrons,  or  electricity.  Elec- 
trons  at  rest  in  the  form  of  static  (meaning 
still)  charges;  electrons  moving  in  one  direction 
forming  direct-current  flow;  electrons  moving 
back  and  forth  at  regular  periods  to  form  alter¬ 
nating  current,  and,  when  the  frequency  be- 
comes  great  enough,  radiating  their  energy 
out  into  space.  One  thing  is  important:  The 


radio-frequency  currents  in  the  antenna  set  up 
fields  of  energy  which  travel  through  space  — 
the  electrons  themselves  are  not  hurled 
through  the  air.  Radio  waves  travel  through 
space  with  the  speed  of  light,  roughly  about 
186,000  miles  per  second,  or  seven  times 
around  the  world  in  one  second.  Normally 
traveling  in  straight  lines  from  the  radiating 
point,  radio  waves  can  be  bent  or  refracted  in 
the  upper  atmosphere  and  thus  transmitted  to 
a  point  on  the  opposite  side  of  the  earth. 

Wiring  Diagrams 

The  connections  for  the  component  parts  of 
any  piece  of  eleetrical  or  radio  equipment  are 
given  in  a  wiring  or  circuit  diagram.  Reference 
to  the  table  of  symbols  will  allow  one  to  be- 
come  familiar  with  the  symbols  used  to  repre- 
sent  the  various  components.  It  should  be  re- 
membered  that,  unless  it  is  so  labeled,  a  wiring 
diagram  is  not  necessarily  a  “picture  diagram” 
and  therefore  does  not  show  the  relative  posi- 
tion  of  parts  and  wires.  Often  the  circuit 
diagram  will  represent  a  layout  of  parts  that 
allows  short,  and  hence  desirable,  leads  but 
this  is  not  always  the  case.  In  any  event,  the 
sequence  of  connections  as  shown  in  the  wiring 
diagram  is  not  necessarily  the  sequence  that 
need  be  followed,  and  the  relative  length  of 
leads  shown  on  the  wiring  diagram  does  not 
necessarily  represent  the  relative  length  of 
leads  in  the  set.  Wires  carrying  radio-frequency 
should  be  kept  short;  connections  carrying 
direct  or  low-frequency  alternating  current  can 
usually  be  any  practical  length  without  im- 
pairing  the  performance. 

Grounds 

Frequent  reference  will  be  made  to  “ground” 
in  discussing  circuits  in  later  chapters,  and 
nearly  all  wiring  diagrams  will  show  a  ground 
connection.  It  should  be  understood  from  the 
start  that  a  ground  connection  does  not  neces¬ 
sarily  mean  that  connection  to  the  earth  is 
essential  for  the  proper  operation  of  the  equip¬ 
ment,  although  it  is  sometimes  necessary  in 
the  case  of  high-gain  audio  amplifiers  and  some 
receivers.  Ground  in  a  circuit  normally  means 
the  voltage-reference  level  of  the  circuit,  and 
it  is  a  point  in  the  circuit  that  can  be  connected 
to  the  earth  without  any  change  in  the  opera¬ 
tion  of  the  equipment.  In  a  receiver  or  trans- 
mitter,  the  metal  chassis  is  usually  used  as  the 
ground  for  all  d.c.  voltages,  and  any  a.c.  or  r.f. 
circuit  can  be  brought  to  ground  by  direct 
connection  or,  when  a  direct  connection  would 
short  the  d.c.  circuit,  by  a  condenser  of  suit- 
able  size. 

A  Complete  Radio  System 

Radiation  through  space  is  the  basis  of  all 
radio  communication,  but  means  must  be 
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provided  for  generating  the  signal  and  reclaim- 

ing  it  at  the  receiving  end.  The  transmitting 
station  requires,  first  of  all,  a  means  for  gener- 
ating  the  radio-frequency  energy,  and  this  is 
done  by  converting  direct  current  or  low-fre- 
quency  alternating  current  power  into  radio 
frequency  by  means  of  vacuum  tubes  and  their 
associated  circuits,  as  will  be  explained  in  detail 
later.  The  radio-frequency  energy  is  fed  into  a 
radiating  system,  or  antenna.  However,  in 
order  to  transmit  intelligence,  that  intelli- 
gence  must  first  be  superimposed  upon  the 
radio-frequency  energy,  and  this  is  done  by 
either  varying  the  amplitude  of  the  output  in 
accordance  with  the  voice  frequencies  of  the 
operator  picked  up  by  microphone  and  ampli- 
fied,  in  the  case  of  radiotelephone  operation, 
or  by  turning  the  output  on  and  off  to  form  the 
dots  and  dashes  of  the  Morse  radio  code  that 
correspond  to  the  letters  of  the  words  that  the 
operator  wishes  to  transmit.  Thus  the  energy 
radiated  from  the  antenna  serves  as  a  carrier 
for  the  intelligence. 

At  the  receiving  station,  an  antenna  has 
induced  in  it  currents  that  correspond  to  those 
in  the  transmitting  antenna,  although  millions 
of  times  weaker.  These  currents  are  intro  duced 
into  selective  circuits  which  make  it  possible  to 
select  the  desired  signal  out  of  all  that  exist  in 
space  at  any  instant,  and  they  are  amplified 
by  passing  them  through  suitable  vacuum- 
tube  amplifiers  which  build  up  the  energy 
level.  But  to  make  the  signal  audible  it  must 
be  detected,  which  means  running  the  amplified 
energy  through  a  proper  vacuum  tube  which 
strips  the  radio-frequency  from  the  signal  and 
leaves  only  currents  which  are  varying  exactly 
as  the  voice  currents  from  the  microphone  at 
the  transmitter  varied.  In  the  case  of  radio- 
telegraph  transmission,  an  oscillator  near  the 
frequency  of  the  signal  beats  with  the  signal  in 
the  detector  to  generate  a  beat  frequency 


within  the  audio  range  which  of  course  only 
appears  when  the  signal  is  coming  through  and 
hence  varies  exactly  as  the  dots  and  dashes 
formed  at  the  transmitter.  The  audible  signal 
may  be  amplified  after  detection  and  made 
audible  by  feeding  it  into  headphones  or  a 
loud-speaker. 

•  VACUUM  TUBES 

As  mentioned  before,  practically  all  of  the 
vacuum  tubes  used  in  radio  work  depend  upon 
thermionic  conduction  for  their  operation.  The 
simplest  type  of  vacuum  tube  is  that  shown  in 
Fig.  322.  It  has  but  two  elements,  cathode  and 
plate,  and  is  therefore  called  a  diode.  The 
cathode  is  heated  by  the  “A”  battery  and 
emits  electrons  which  flow  to  the  plate  when 
the  plate  is  at  a  positive  potential  with  respect 
to  the  cathode.  The  “A”  battery  furnishes  no 
power  to  the  cathode-plate  circuit  — its  only 


Fig.  322  —  The  diode  or  two-element  tube  and  a 
typical  characteristic  curve. 


function  is  to  heat  the  cathode  hot  enough  to 
emit  electrons  freely.  The  tube  is  a  conductor 
in  one  direction  only.  If  a  battery  is  connected 
with  its  negative  terminal  to  cathode  and 
positive  to  plate  (the  “B”  battery  in  Fig.  322) 
this  flow  of  electrons  will  be  continuous.  But  if 
a  source  of  alternating  voltage  is  connected 
between  the  cathode  and  plate,  then  electrons 
will  flow  only  on  the  positive  half-cycles  of 
alternating  voltage;  there  will  be  no  electron 
flow  during  the  half  cycle 


TRANSMITTER 


RECEIVER 


when  the  plate  is  negative. 
Thus  the  tube  can  be  used 
as  a  rectifier,  to  change  alter¬ 
nating  current  to  pulsating 
direct  current.  This  alternat¬ 
ing  current  can  be  anything 
from  the  60-cycle  kind  to  the 
highest  radio  frequencies, 
making  it  possible  to  use  the 
diode  as  a  rectifier  in  power 
supplies  f  urnishing  direct  cur- 


Fig.  321  —  A  complete  radio  system.  The  power  rent  for  our  transmitters  and  receivers  or  to 


supply  of  the  transmitter  furnishes  power  that  is  ehangcd 
to  radio-frequency  energy  and  fed  to  the  antenna.  The 
oscillator  determines  the  frequeney  of  the  radio-fre¬ 
quency  power.  A  modulator,  for  voice  work,  or  a  key  for 


useit  as  a  rectifier  (detector)  of  radio-frequency 
current  in  receivers. 

The  performance  of  the  tube  can  be  reduced 


radiotelegraph,  varies  the  power  fed  to  the  amplifier 
and  hence  the  power  reaehing  the  antenna.  Weak  radio- 
frequency  currents  induced  in  the  receiving  antenna  are 
deteeted  and  amplified,  and  are  heard  in  headphones  or 
a  loudspeaker. 


to  easily-understood  terms  by  making  use  of 
what  are  known  as  tube  characteristic  curves.  A 
typical  characteristic  curve  for  a  diode  is 
shown  at  the  right  in  Fig.  322.  It  shows  the 
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currents  flowing  between  the  various  tube 
elements  and  cathode  (usually  only  between 
plate  and  cathode,  since  the  plate  current  is  of 
chief  interest  in  determining  the  output  of  the 
tube)  with  different  d.c.  voltages  applied  to 
the  elements.  The  curve  of  Fig.  322  shows 
that,  with  fixed  cathode  temperature,  the 
plate  current  increases  as  the  voltage  between 
cathode  and  plate  is  raised.  For  an  actual  tube 
the  values  of  plate  current  and  plate  voltage 
would  be  plotted  along  their  respective  axes. 

With  the  cathode  temperature  fixed,  the 
total  number  of  electrons  emitted  is  always  the 
same  regardless  of  the  plate  voltage.  Fig.  322 
shows,  however,  that  less  plate  current  will 
flow  at  low  plate  voltages  than  when  the  plate 
voltage  is  large.  With  low  plate  voltage  only 
those  electrons  nearest  the  plate  are  attracted 
to  the  plate.  The  electrons  in  the  space  near  the 
cathode,  being  themselves  negatively  charged, 
tend  to  repel  the  similarly-charged  electrons 
leaving  the  cathode  surf  ace  and  cause  them 
to  fall  back  on  the  cathode.  This  is  called  the 
space  charge  effect.  As  the  plate  voltage  is 
raised,  more  and  more  electrons  are  attracted 
to  the  plate  until  finally  the  space  charge  effect 
is  completely  overcome  and  all  the  electrons 
emitted  by  the  cathode  are  attracted  to  the 
plate,  and  a  further  increase  in  plate  voltage 
can  cause  no  increase  in  plate  current.  This  is 
called  the  saturation  point. 

Triode  Act  ion  —  Amplification 

If  a  third  element,  called  the  control  grid  or 
simply  the  grid,  is  inserted  between  the  cathode 
and  plate  of  the  diode  the  space-charge  effect 
can  be  controlled.  The  tube  then  becomes  a 
triode  (three-element  tube)  and  is  useful  for 
more  things  than  rectification.  The  grid  is 
usually  in  the  form  of  an  open  spiral  or  mesh  of 
fine  wire.  With  the  grid  connected  externally  to 
the  cathode  and  with  a  steady  voltage  from  a 
d.c.  supply  applied  between  the  cathode  and 
plate  (the  positive  of  the  “B”  supply  is  always 
connected  to  the  plate),  there  will  be  a  constant 
flow  of  electrons  from  cathode  to  plate, 
through  the  openings  of  the  grid,  much  as  in 
the  diode.  But  if  a  source  of  variable  voltage 
is  connected  between  the  grid  and  cathode 
there  will  be  a  variation  in  the  flow  of  electrons 
from  cathode  to  plate  (a  variation  in  plate 
current)  as  the  voltage  on  the  grid  changes 
about  a  mean  value.  When  the  grid  is  made 
less  negative  (more  positive)  with  respect  to 
the  cathode,  the  space  charge  is  partially 
neutralized  and  there  will  be  an  increase  in 
plate  current;  when  the  grid  is  made  more 
negative  with  respect  to  the  cathode,  the  space 
charge  is  reinforced  and  there  will  be  a  de- 
crease  in  plate  current.  When  a  resistance  or 
impedance  is  connected  in  the  plate  circuit,  the 
variation  in  plate  current  will  cause  a  variation 


in  voltage  across  this  load  that  will  be  a  magni- 
fied  version  of  the  variation  in  grid  voltage.  In 
other  words  there  is  amplification  and  the  tube 
is  an  amplifier. 

The  measure  of  the  amplification  of  which  a 
tube  is  capable  is  known  as  its  amplification 
factor,  designated  by  n  (mu).  Mu  is  the  ratio  of 
plate-voltage  change  required  for  a  given 
change  in  plate  current  to  the  grid-voltage 
change  necessary  to  produce  the  same  change 
in  plate  current.  Another  important  character- 
istic  is  the  plate  resistance,  designated  rp.  It  is 
the  ratio,  for  a  fixed  grid  voltage,  of  a  small 
plate  voltage  change  to  the  plate  current 
change  it  effects.  It  is  expressed  in  ohms.  Still 
another  important  characteristic  used  in  de- 
scribing  the  properties  of  a  tube  is  mutual 
conductance,  designated  by  gm  and  defined  as 
the  rate  of  change  of  plate  current  with  respect 
to  a  change  in  grid  voltage.  The  mutual  con¬ 
ductance  is  a  rough  indication  of  the  design 
merit  of  the  tube.  It  is  expressed  in  micromhos, 
the  ratio  of  amplification  factor  to  plate  re¬ 
sistance,  multiplied  by  one  million.  These  tube 
characteristics  are  inter-related  and  are  de- 
pendent  primarily  on  the  tube  structure. 

The  operation  of  a  vacuum  tube  amplifier  is 
graphically  represented  in  elementary  form  in 
Fig.  324.  The  sloping  line  represents  the  varia¬ 
tion  in  plate  current  obtained  at  a  constant 
plate  voltage  with  grid  voltages  ranging  from  a 
value  sufficiently  negative  to  reduce  the  plate 
current  to  zero  to  a  value  slightly  positive. 
Bear  in  mind  that  grid  voltage  is  with  refer- 
ence  to  the  cathode  or  filament.  Notable  facts 
about  this  curve  are  that  it  is  essentially  a 
straight  line  (is  linear)  over  the  middle  section 
and  that  it  bends  towards  the  bottom  (near 
cui  o  ff)  and  near  the  top  ( saturation ).  In  other 
words,  the  variation  in  plate  current  is  directly 
proportional  to  the  variation  in  grid  voltage 
over  the  region  between  the  two  bends.  With  a 
fixed  grid  voltage  (bias)  of  proper  value  the 
plate  current  can  be  set  at  any  desired  value. 

Tube  characteristics  of  the  type  shown  in 
Fig.  324  may  be  of  either  the  static  or  dynamic 
type.  Static  characteristics  show  the  plate  cur¬ 
rent  that  will  flow  at  specific  grid  and  plate 
voltages  in  the  absence  of  any  output  devioe 
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in  the  plate  circuit  for  transferring  the  plate 
current  variation  to  an  external  circuit. 

Dynamic  characteristics  are  more  useful. 
In  plotting  this  form  of  curve  a  resistance,  RT, 
is  connected  in  series  with  the  battery  and 


Fig.  324  —  Operatin  g  characteristics  of  a  vacuum- 
tube  amplifier.  Class-A  amplifier  operation  is  depicted. 

plate-cathode  circuit  of  the  tube;  it  represents 
a  load  or  output  circuit.  Plate  current  flowing 
through  Rp  causes  a  voltage  drop  in  the  resis- 
tor;  if  the  grid  voltage  is  varied,  causing  a 
variation  in  plate  current,  the  voltage  drop 
across  Rp  likewise  will  vary  If  an  alternating 
voltage  is  applied  to  the  grid-cathode  circuit 
the  alternating  plate  current  causes  an  alter¬ 
nating  voltage  to  be  developed  across  Rp.  This 
voltage  is  the  useful  output  of  the  tube. 

The  load  impedance  or  load  resistance,  Rp, 
may  be  an  actual  resistor  or  a  device  having  an 
impedance,  at  the  frequency  being  amplified, 
of  a  value  suitable  for  the  plate  circuit  of  the 
tube.  In  general,  there  will  be  one  value  of  Rp 
vvhich  will  give  optimum  results  for  a  given 
type  of  tube  and  set  of  operating  voltages; 
its  value  also  depends  upon  the  type  of  service 
for  which  the  amplifier  is  designed.  If  the  im¬ 
pedance  of  the  actual  device  used  is  consider- 
ably  different  from  the  optimum  load  imped¬ 
ance,  the  tube  and  output  device  must  be 
coupled  through  a  transformer  having  a  turns 
ratio  such  that  the  impedance  reflected  into 
the  plate  circuit  of  the  tube  is  the  optimum 
value, 

Distortion 

With  negative  grid  bias  as  shown  in  Fig.  324 
this  point  (the  operating  point)  comes  in  the 
middle  of  the  linear  region.  If  an  alternating 
voltage  ( signal )  is  now  applied  to  the  grid  in 
series  with  the  grid  bias,  the  grid  voltage 
swings  more  and  less  negative  about  the  mean 
bias  voltage  value  and  the  plate  current  swings 
up  (positive)  and  down  (negative)  about  the 
mean  plate  current  value.  This  is  equivalent  to 
an  alternating  current  superimposed  on  the 
steady  plate  current.  At  this  operating  point 
it  is  evident  that  the  plate  current  wave  shapes 
are  identical  reproductions  of  the  grid  voltage 
wave  shapes  and  will  remain  so  as  long  as  the 
grid  voltage  amplitude  does  not  reach  values 


sufficiënt  to  run  into  the  lower-  or  upper-bend 
regions  of  the  curve.  If  this  occurs  the  output 
waves  will  be  flattened  or  distorted.  If  the 
operating  point  is  set  towards  the  bottom  or 
the  top  of  the  curve  there  will  also  be  distor¬ 
tion  of  the  output  wave  shapes  because  part  or 
all  of  the  lower  or  upper  half-cycles  will  be  cut 
o  ff. 

Whenever  the  bias  is  adjusted  so  that  the 
tube  works  over  a  non-linear  portion  of  its 
characteristic  curve,  distortion  will  take  place 
and  the  output  wave-form  will  not  duplicate 
the  wave-form  of  the  voltage  introduced  at  the 
grid.  This  characteristic  of  non-linearity  of  an 
amplifier  is  useful  in  many  applications  (to  be 
deseribed  later)  and  is  an  undesirable  feature 
at  other  times.  The  distortion  will  take  the 
form  of  harmonies  added  to  the  original  wave, 
as  explained  previously.  If  the  exciting  signal 
is  a  single  sine  wave,  the  output  wave,  when 
distortion  is  present,  will  consist  of  the  funda- 
mental  plus  second  and  higher  harmonies. 

Parallel  and  Push-Pull  Connections 

When  it  is  necessary  to  obtain  more  power 
output  than  one  tube  is  capable  of  giving, 
without  going  to  a  larger  tube  structure,  two 
or  more  tubes  may  be  connected  in  parallel,  in 
which  case  the  similar  elements  in  all  tubes  are 
connected  together.  The  power  output  will 
then  be  in  proportion  to  the  number  of  tubes 
used;  the  exciting  voltage  required,  however, 
is  the  same  as  for  one  tube. 

An  increase  in  power  output  also  can  be 
secured  by  connecting  two  tubes  in  push-pull, 
the  grids  and  plates  of  the  two  tubes  being 
connected  to  opposite  ends  of  the  circuit,  re- 
spectively.  Parallel  and  push-pull  operation 
are  illustrated  in  Fig.  325.  A  “balanced”  cir¬ 
cuit,  in  which  the  cathode  returns  are  made  to 
the  midpoint  of  the  input  and  output  devices, 
is  necessary  with  push-pull  operation.  An  al¬ 
ternating  current  flowing  through  the  primary 
of  the  input  transformer  in  the  push-pull  dia¬ 
gram  will  cause  an  alternating  voltage  to  be 


push  -  PULL 

Fig .  325  —  Parallel  and  push-pull  amplifier  con- 
nectione. 
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induced  in  the  secondary  winding;  since  the 
ends  of  the  winding  will  be  at  opposite  poten- 
tials  with  respect  to  the  cathode  connection, 
the  grid  of  one  tube  is  swung  positive  at  the 
same  instant  that  the  grid  of  the  other  is  swung 
negative.  Iience,  in  any  push-pull-connected 
stage,  the  voltages  and  currents  of  one  tube 
are  “out  of  phase”  with  those  of  the  other 
tube.  The  plate  current  of  one  tube  there- 
fore  is  rising  while  the  plate  current  of  the 
other  is  falling,  hence  the  name  “push-pull.” 
In  push-pull  operation  the  even-harmonic 
(second,  fourth,  etc.)  distortion  is  cancelled  in 
the  symmetrical  plate  circuit,  so  that  for  the 
same  output  the  distortion  will  be  less  than 
with  parallel  operation.  It  follows  that  for  a 
given  degree  of  distortion  the  push-pull  am- 
plifier  is  capable  of  delivering  somewhat  more 
power  than  a  parallel  amplifier. 


tube  in  the  last  stage  usually  is  designed  to 
deliver  a  considerable  amount  of  audio  power, 
while  requiring  but  negligible  power  from  the 
input  or  exciting  signal.  The  -power  amplifica- 
tion  —  ratio  of  output  power  to  power  supplied 
the  grid  circuit  —  is  consequently  very  high. 
Such  tubes  generally  require  a  large  grid  volt¬ 
age  swing  for  full  power  output,  however,  so 
that  the  voltage  amplification  —  ratio  of  output 
voltage  to  signal  voltage  —  is  quite  low.  To 
get  the  voltage  swing  required  for  the  grid  of 
such  a  tube  voltage  amplifiers  are  used,  em- 
ploying  tubes  of  high  p  which  will  greatly 
increase  the  voltage  amplitude  of  the  signal. 
Although  such  tubes  are  capable  of  relatively 
high  voltage  output,  the  power  obtainable 
from  them  is  small.  Voltage  amplifiers  are  used 
in  the  radio-frequency  stages  of  receivers  as 
well  as  in  audio  amplifiers. 


R.F.  and  A.F.  Voltage  and  Power  AmpliRera 

The  major  uses  of  vacuum  tube  amplifiers 
in  radio  work  are  to  amplify  at  audio  frequen- 
cies  (approximately  30  to  15,000  cycles  per 
second)  and  to  amplify  at  radio  frequencies 
(up  to  60,000  kc.  or  higher).  The  audio-fre- 
quency  amplifier  is  generally  used  to  amplify 
without  discrimination  at  all  frequencies  in  a 
wide  range  (say  from  100  to  3000  cycles  for 
voice  communication),  and  is  therefore  asso- 
ciated  with  non-resonant  or  untuned  circuits 
which  offer  a  uniform  load  over  the  desired 
range.  The  radio-frequency  amplifier,  on  the 
other  hand,  is  generally  used  to  amplify 
selectively  at  a  single  radio  frequency,  or  over  a 
small  band  of  frequencies  at  most,  and  is  there¬ 
fore  associated  with  resonant  circuits  tunable 
to  the  desired  frequency. 

An  audio-frequency  amplifier  may  be  con- 
sidered  a  broad-band  amplifier;  most  radio- 
frequency  amplifiers  are  relatively  narrow- 
band  affairs. 

Amplifiers  may  be  divided  broadly  into  two 
general  types,  those  whose  chief  purpose  is  to 
give  a  greatly  magnified  reproduction  of  the 
input  signal  voltage  across  the  plate  load  but 
not  necessarily  much  power,  and  those  in- 
tended  to  deliver  a  relatively  large  amount  of 
power  to  a  load  (a  loud-speaker,  in  the  case  of 
an  audio  amplifier,  or  an  antenna,  in  the  case 
of  a  radio-frequency  amplifier).  The  former  is 
a  voltage  amplifier,  while  the  latter  is  a  power 
amplifier. 

In  audio  circuits,  the  power  tube  or  output 


Bias 

A  fixed  voltage  is  applied  to  the  grid  of  a 
tube,  to  determine  the  point  on  the  tube 
characteristic  at  which  the  tube  will  operate. 
This  fixed  voltage  is  called  the  grid  bias,  and  it 
can  be  obtained  in  several  different  ways.  The 
simplest  is  to  use  a  battery  or  power  supply  of 
the  proper  voltage  connected  in  the  grid  cir¬ 
cuit  of  the  tube,  as  shown  in  Fig.  326-A. 

Another  method  is  to  connect  a  resistor  in 
the  cathode  circuit  of  the  tube  as  in  Fig.  326-B. 
The  voltage  drop  caused  by  the  flow  cf  plate 
current  through  the  resistor  is  used  as  the 
source  of  bias  potential.  This  is  called  cathode 
bias.  In  multi-element  tubes,  the  current 
through  this  resistor  will  be  the  summation  of 
the  plate  and  screen  (and  suppressor)  currents. 
The  condenser  across  the  resistor  acts  as  a  low- 
impedance  path  for  the  plate  current  and 
must  have  a  value  that  offers  a  low-impedance 
path  to  the  frequency  of  the  plate  current.  If 
the  condenser  is  omitted  or  has  too  small  a 
value,  the  changes  in  plate  current  will  change 
the  bias  at  the  same  time,  and  these  changes 
work  against  the  changes  in  plate  current 
caused  by  the  signal  voltage  on  the  grid,  reduc- 
ing  the  amplification  of  the  tube.  This  effect  is 
called  degeneration. 

Still  another  type  of  bias,  used  when  the 
grid  is  driven  positive  by  the  signal  voltage, 
is  shown  in  Fig.  326-C.  This  is  called  grid-leak 
bias.  The  grid  acts  as  the  plate  of  a  diode  and, 
every  time  it  is  driven  positive  with  respect  to 
the  cathode,  it  draws  current  as  any  diode  does. 


Fig.  326  —  Three  metUods  of  obtaining 
grid  bias.  Battery  bias  is  shown  at  A,  cathode 
bias  at  B,  and  grid-leak  bias  at  C. 
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This  current,  flowing  through  the  grid-leak 

resistor  R,  causes  a  potential  drop  across  the 
resistor  that  supplies  the  bias  voltage.  The 
condenser  furnishes  a  low-impedance  path  for 
the  signal,  similar  to  its  function  in  the  case  of 
cathode  bias.  This  bias  system  can  only  be 
used  when  the  grid  is  driven  positive,  and  re- 
quires  that  the  amplifier  or  eource  furnishing 
the  signal  ( excitation )  at  the  grid  supply  power 
to  the  circuit.  The  grid-leak  bias  system  is 
used  in  some  forms  of  detectors  (explained 
later)  and  in  oscillators  and  transmitter  stages. 

The  proper  value  of  cathode  resistor  can  be 
easily  calculated  from  Ohm’s  Law. 

For  cathode  bias,  Re  =  -  ^ 

where  Re  =  cathode  bias  resistor  in  ohms 
E  —  desired  bias  voltage 
I  =  total  d.c.  cathode  current  in  milli- 
amperes 

E  and  I  can  be  found  from  the  tube  tables. 
Screen-  and  suppressor-grid  currents  should  be 
included  with  the  plate  current  in  multi- 
element  tubes  to  obtain  the  total  cathode 
current,  and  also  the  control-grid  current  if  the 
control  grid  is  driven  positive  during  operation. 

For  grid-leak  bias,  R„i  =  — — - - 

where  R,i  =  grid-leak  resistance  in  ohms 
E  =  desired  bias  voltage 
I  =  d.c.  grid  current,  in  milliamperes 

When  two  tubes  are  operated  in  push-pull 
or  parallel  and  use  a  common  cathode-  or  grid- 
leak  resistor,  the  value  of  resistance  becomes 
one-half  what  it  would  be  for  one  tube. 

Fundamental  Amplifier  Classifications 
Class  A 

An  amplifier  operated  as  shown  in  Fig.  324 
in  which  the  output  wave  shape  is  a  faithful 
reproduetion  of  the  input  wave  shape,  is  known 
as  a  Class- A  amplifier. 

Certain  operating  conditions  distinguish  the 
Class-A  amplifier.  As  generally  used,  the  grid 
never  is  driven  positive  with  respect  to  the 
cathode  by  the  exciting  signal,  and  never  is 
driven  so  far  negative  that  plate-current  cut- 
off  is  reached.  The  plate  current  is  constant 
both  with  and  without  an  exciting  signal.  The 
chief  characteristics  of  the  Class-A  ampli¬ 
fier  are  low  distortion,  low  power  output  for  a 
given  size  of  tube,  and  a  high  power-amplifica- 
tion  ratio.  The  plate  efficiency  —  ratio  of  a.c. 
output  power  to  steady  d.c.  input  power  — 
is  relatively  low,  being  in  the  vicinity  of  20  to 
35  percent  at  full  output,  depending  upon  the 
design  of  the  tube  and  the  operating  conditions. 

Class-A  amplifiers  of  the  power  type  find 
application  as  output  amplifiers  in  audio  Sys¬ 
tems,  operating  loud  speakers  in  radio  receivers 


and  public-address  systems,  and  as  modulators 

in  radiotelephone  transmitters.  Class-A  voltage 
amplifiers  are  found  in  the  stages  preceding  the 
power  stage  in  such  applications,  and  as  radio- 
frequency  amplifiers  in  receivers. 

Class-B  Amplifiers 

The  Class-B  amplifier  is  primarily  one  in 
which  the  output  current,  or  alternating  com¬ 
ponent  of  the  plate  current,  is  proportional  to 
the  amplitude  of  the  exciting  grid  voltage. 
Since  power  is  proportional  to  the  square  of  the 
current,  the  power  output  of  a  Class-B  ampli¬ 
fier  is  proportional  to  the  square  of  the  exciting 
grid  voltage. 

The  distinguishing  operating  condition  in 
Class-B  service  is  that  the  grid  bias  is  set  so 
that  the  plate  current  is  relatively  low  without 


Fig.  32 7  —  Operation  of  the  Class-B  amplifier. 

excitation;  the  exciting  signal  amplitude  is 
such  that  the  entire  linear  portion  of  the  tube’s 
characteristic  is  used.  Fig.  327  illustrates  Class- 
B  operation  with  the  tube  biased  practically  to 
cut-off.  In  this  operating  condition  plate  cur¬ 
rent  flows  only  during  the  positive  half-cycle  of 
excitation  voltage.  No  plate  current  flows  dur¬ 
ing  the  negative  swing  of  the  excitation  voltage. 
The  shape  of  the  plate  current  pulse  is  es- 
sentially  the  same  as  that  of  the  positive 
swing  of  the  signal  voltage.  Since  the  plate 
current  is  driven  up  toward  the  saturation 
point,  it  is  usually  necessary  for  the  grid  to 
be  driven  positive  with  respect  to  the  cathode 
during  part  of  the  grid  swing,  Grid  current 
flows,  therefore,  and  the  driving  source  must 
furnish  power  to  supply  the  grid  losses. 

Class-B  amplifiers  are  characterized  by 
medium  power  output,  medium  plate  effi¬ 
ciency  (50%  to  60%  at  maximum  signal)  and 
a  moderate  ratio  of  power  amplification.  They 
are  used  for  both  audio  and  radio-frequency 
amplification.  As  radio  frequency  amplifiers 
they  are  used  as  linear  amplifiers  to  raise  the 
output  power  level  in  radiotelephone  trans¬ 
mitters  after  modulation  has  taken  place. 

For  audio-frequency  amplification,  two 
tubes  must  be  used  to  permit  Class-B  opera¬ 
tion.  A  second  tube,  working  alternately  with 
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Fig.  328  —  The  Class-B  audio  amplifier,  showing  how 
the  outputs  of  the  two  tubes  are  combined  to  give 
distortionless  amplification. 

the  first,  must  be  included  so  that  both  halves 
of  the  cycle  will  be  present  in  the  output.  A 
typical  method  of  arranging  the  tubes  and 
circuit  to  this  end  is  shown  in  Fig.  328.  The 
circuit  resembles  that  of  the  push-pull  Class-A 
amplifier;  the  difference  lies  in  the  method  of 
opera tion.  The  signal  is  fed  to  a  transformer  T\, 
whose  secondary  is  divided  into  two  equal 
parts,  with  the  tube  grids  connected  to  the 
outer  terminals  and  the  grid  bias  fed  in  at  the 
center.  A  transformer  Ti  with  a  similarly- 
divided  primary  is  connected  to  the  plates  of 
the  tubes.  When  the  signal  swing  in  the  upper 
half  of  Ti  is  positive,  Tube  No.  1  draws  plate 
current  while  Tube  No.  2  is  idle;  when  the 
lower  half  of  Ti  becomes  positive,  Tube  No.  2 
draws  plate  current  while  Tube  No.  1  is  idle. 
The  corresponding  voltages  induced  in  the 
halves  of  the  primary  of  T2  combine  in  the 
secondary  to  produce  an  amplified  reproduc- 
tion  of  the  signal  wave-shape  with  negligible 
distortion.  The  Class-B  amplifier  is  capable 
of  delivering  much  more  power  for  a  given  tube 
size  than  a  Class-A  amplifier. 

Class-C  Amplifiers 

The  third  type  of  amplifier  is  that  desig- 
nated  as  Class  C.  Fundamentally,  the  Class-C 
amplifier  is  one  operated  so  that  the  alternat- 
ing  component  of  the  plate  current  is  directly 
proportional  to  the  plate  voltage.  The  output 
power  is  therefore  proportional  to  the  square 
of  the  plate  voltage.  Other  characteristics  in¬ 
herent  to  Class-C  opera  tion  are  high  plate 
efficiency,  high  power  output,  and  a  relatively 
low  power-amplification  ratio. 

The  grid  bias  for  a  Class-C  amplifier  is 
ordinarily  set  at  approximately  twice  the  value 
required  for  plate  current  cut-off  without  grid 
excitation.  As  a  result,  plate  current  flows  dur- 
ing  only  a  fraction  of  the  positive  excitation 
cycle.  The  exciting  signal  should  be  of  suffi¬ 
ciënt  amplitude  to  drive  the  plate  current  to 


the  saturation  point,  as  shown  in  Fig.  329. 
Since  the  grid  must  be  driven  far  into  the  posi¬ 
tive  region  to  cause  saturation,  considerable 
numbers  of  electrons  are  attracted  to  the  grid 
at  the  peak  of  the  cycle,  robbing  the  plate  of 
some  that  it  would  normally  attract.  This 
causes  the  droop  at  the  upper  bend  of  the  char- 
acteristie,  and  also  causes  the  plate  current 
pulse  to  be  indented  at  the  top,  as  shown.  Al- 
though  the  output  wave-form  is  badly  dis- 
torted,  at  radio  frequencies  the  distortion  is 
largely  eliminated  by  the  filtering  or  flywheel 
effect  of  the  tuned  output  circuit. 

Class-C  amplifiers  are  used  principally  as 
radio-frequency  power  amplifiers,  and  have 
very  little  audio-frequency  application.  Al- 
though  requiring  considerable  driving  power 
because  of  the  relatively  large  grid  swing  and 
grid-current  flow,  the  high  plate  efficiency  of 
the  Class-C  amplifier  makes  it  an  effective 
generator  of  radio-frequency  power. 


Other  Amplifier  Classifications 

Since  the  three  fundamental  amplifier  clas¬ 
sifications  represent  three  distinct  steps  in  the 
operation  of  vacuum  tubes,  there  are  inter- 
mediate  steps  which  partake  of  the  nature  of 
two  of  the  classifications  although  not  adhering 
strictly  to  either.  Such  “midway”  methods  of 
operation  can  be  classified  as  “  AB”  and  “  BC.” 
Only  the  “  AB  ”  type  of  operation  is  in  general 
use.  The  Class-AB  amplifier  is  a  push-pull 
amplifier  in  which  each  tube  operates  during 
more  than  half  but  less  than  all  the  exciting- 
voltage  cycle.  lts  bias  is  set  so  that  the  tubes 
draw  more  plate  current  than  in  Class-B 
operation,  but  less  than  they  would  for  Class-A. 
The  plate  current  of  the  amplifier  varies  with 
the  signal  voltage,  but  not  as  much  as  in 
Class-B. 

The  efficiency  and  output  of  the  Class-AB 
amplifier  lie  between  those  obtainable  with 
pure  Class-A  or  Class-B  operation.  Class-AB 
amplifiers  tend  to  operate  Class-A  with  luw 
signal  voltages  and  Class-B  with  high  signal 
voltages,  thus  overcoming  the  chief  objec- 
tion  to  Class-B  operation  —  the  distortion 
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present  witti  low-input-signal  voltages.  The 

Class-AB  amplifier  is  widely  used  where  it  is 
necessary  to  obtain  a  power  output  of  consider- 
able  magnitude  with  a  minimum  of  distortion. 

•  GENERATING  RADIO  FREQUENCY 
POWER 

Because  of  its  ability  to  amplify,  the  vac¬ 
uüm  tube  can  oscillate,  or  generate  alternating 
current  power.  To  make  it  do  this,  it  is  only 
necessary  to  couple  the  plate  (output)  circuit 
to  the  grid  (input)  circuit  so  that  the  alternat¬ 
ing  voltage  supplied  to  the  grid  of  the  tube  is 
opposite  in  phase  to  the  voltage  on  the  plate. 
Typical  circuits  for  this  condition  are  shown 
in  Fig.  330.  In  A  the  feed-back  coupling  be- 
tween  the  plate  and  grid  circuits  is  inductive 
(by  means  of  coils),  while  in  B  the  coupling  is 
capacitive  (through  a  condenser).  In  the  cir¬ 
cuit  of  A  the  frequency  of  oscillation  will  be 
very  nearly  the  resonant  frequency  of  the 
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Fig.  330  —  Two  general  types  of  oscillator  circuits. 

tuned  circuit  L\C\}  while  in  B  the  frequency  of 
oscillation  will  be  determined  jointly  by  LXC 1 
and  L2C2.  At  high  radio  frequencies  the  in¬ 
herent  plate-grid  capacitance  of  the  usual 
triode  tube  is  sufficiënt  for  feed-back  in  the 
tuned-grid  tuned-plate  type  circuit  of  B,  so 
the  feed-back  condenser  shown  connected  be- 
tween  grid  and  plate  is  not  necessary. 

There  are  many  other  arrangements  of  os¬ 
cillator  circuits  but  all  utilize  either  inductive 
or  capacitive  feed-back.  They  will  be  treated  in 
following  chapters. 

•  DETECTION 

Since  the  frequencies  used  in  radio  trans- 
mission  are  merely  carriers  bearing  modula- 
tion,  it  is  necessary  to  provide  a  means  for 
making  the  signals  intelligible.  The  process  for 
doing  this  is  called  detection  or  demodulation  — 
the  latter  because  the  modulation  envelope  is 
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in  effect  detaehed  from  the  carrier  wave  and 
made  audible.  Taking  the  case  of  a  modulated 
wave,  such  as  in  radiotelephone  transmission, 
we  find  there  are  three  ways  of  operating  tubes 
to  perform  the  function  of  demodulation.  All 
are  essentially  the  process  of  rectification,  in 
which  the  radio-frequency  input  is  converted 
into  direct  current  which  in  turn  varies  in  ac- 
cordance  with  the  audio-frequency  modulation 
envelope.  The  first  type  of  detector  is  the  diode, 
or  simple  rectifier,  the  operation  of  which  al- 
ready  has  been  explained.  Multi-element  tubes 
can  be  operated  either  as  “grid”  or  “plate” 
detectors,  depending  upon  whether  the  recti¬ 
fication  takes  place  in  the  grid  or  plate  circuits. 

Plate  Detectors 

The  circuit  arrangement  of  a  typical  plate 
detector  is  shown  at  A  of  Fig.  331.  lts  operating 
characteristics  are  illustrated  at  A  of  Fig.  332. 
The  circuit  LXC\  is  tuned  to  resonance  with  the 
radio  frequency  and  the  voltage  developed 
across  it  is  applied  betw’een  the  grid  and 
cathode  in  series  with  the  grid-bias  battery.  A 
headset  or  the  primary  of  a  transformer  is 
connected  in  the  plate  circuit,  a  small  fixed  con¬ 
denser  C  being  connected  across  the  plate  load 
to  by-pass  radio  frequency.  As  shown  at  A  in 
Fig.  332,  the  negative  grid  bias  voltage  is  such 
that  the  operating  point  is  in  the  lower-bend 
region  of  the  curve,  near  cut-off.  With  a  modu¬ 
lated  signal  as  shown  there  will  be  a  variation 
in  plate  current  eonforming  to  the  average 
value  of  the  positive  half-cycles  of  radio  fre¬ 
quency.  This  variation  corresponds  to  the  en¬ 
velope,  representing  an  audio-frequency  cur¬ 
rent  super-imposed  on  the  steady  plate  current 
of  the  tube,  and  constitutes  the  useful  audio 
output  of  the  detector.  When  this  pulsating 
current  fiows  through  the  ’phones  their  dia- 
phragms  vibrate  in  accordance  with  it  to  give 
a  reproduction  of  the  modulation  put  on  the 
signal  at  the  transmitter. 

Grid  Detectors 

The  circuit  arrangement  of  a  triode  used  as  a 
grid  detector  (also  called  grid  leak  detector )  is 
shown  in  B  of  Fig.  331.  An  input  circuit  tuned 
to  the  frequency  of  the  radio  wave  is  connected 
so  that  the  r.f.  voltage  developed  across  it  is 
applied  between  the  grid  and  cathode.  How- 
ever,  there  is  no  fixed  negative  grid  bias,  as  in 
the  case  of  the  plate  detector.  Instead  a  small 
fixed  capacity  (grid  condenser)  and  resistor  of 
high  value  (grid  leak)  are  connected  between 
tuned  circuit  and  grid.  The  plate  circuit  is 
the  same  as  for  the  plate  detector. 

The  action  of  the  grid  detector  is  illustrated 
by  the  grid  voltage-grid  current  curve  of 
Fig.  332-B.  A  modulated  radio-frequency  volt¬ 
age  applied  to  the  grid  swings  it  alternately 
positive  and  negative  about  the  operating 
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point.  The  grid  attracts  electrons  from  the 
cathode,  the  consequent  grid  current  increasing 
more  during  the  positive  half  cycles  than  it  de- 
creases  during  the  negative  half  cycles  of  grid 
swing.  Hence  there  is  a  rectified  grid  current 
flow  at  modulation  frequency  whose  average 
value  develops  a  voltage  across  the  grid  leak. 
This  audio-frequency  variation  in  voltage 
across  the  grid  leak  causes  corresponding  varia- 
tions  in  plate  current  reproduced  in  the 
’phones. 


Regenerative  Detectors 

With  both  the  grid  and  plate  detectors  just 
described  it  will  be  noted  that  a  condenser  is 
connected  across  the  plate  load  circuit  to  by¬ 
pass  radio-frequency  components  in  the  out¬ 
put.  This  radio-frequency  can  be  fed  back  into 
the  grid  circuit,  as  shown  in  C  of  Fig.  331,  and 
re-amplified  a  number  of  times.  This  regenera- 
tion  of  the  signal  gives  a  tremendous  increase  in 
detector  sensitivity.  If  the  regeneration  is 
sufficiently  great  the  circuit  will  break  into 
oscillation,  which  would  be  expected  since  the 
circuit  arrangement  is  almost  identical  with 
that  of  the  oscillator  shown  in  Fig.  330-A. 
Therefore  a  control  is  necessary  so  that  the 
detector  can  be  operated  either  regenerating 
to  give  large  amplification  without  oscillation, 
or  to  oscillate  and  regenerate  simultaneously. 

Oscillating  Detectors 
When  a  regenerative  detector  is  made  to 
oscillate  by  increasing  the  regeneration  too 
far,  the  detector  becomes  useful  in  the  recep- 
tion  of  code  or  c.w.  signals.  Since  a  c.w.  (con- 
tinuous  wave)  signal  is  nothing  more  than  a 


C 

Fig.  331  —  Detector  circuits  of  threc  types.  A,  plate 
detection;  B,  grid  detection;  C,  regenerative  grid  de- 
tection. 


carrier  being  rapidly  switched  on  and  off,  there 
is  no  change  in  amplitude  except  at  the  in¬ 
stants  of  turning  it  on  and  off.  Hence  no 


Fig.  332  —  Opera ting  characteristics  of  plate  and  grid 
detectors. 


sound  will  be  heard  in  the  output  of  a  normal 
detector  fed  by  c.w.  signals  except  at  the 
beginning  and  end  of  each  character.  How- 
ever,  if  a  local  oscillator  is  tuned  1000  cycles 
or  so  from  the  frequency  of  the  signal,  an 
audible  beat  note  will  be  heard  every  time  the 
signal  comes  through.  The  oscillating  detector 
acts  as  both  oscillator  and  detector,  and  the 
fact  that  the  detector  must  be  tuned  1000 
cycles  or  so  off-resonance  from  the  signal  does 
not  materially  reduce  the  signal  voltage  fed  to 
the  grid.  For  many  years  the  Standard  method 
of  c.w.  reception  was  by  means  of  an  oscillat¬ 
ing  detector,  but  it  has  been  superseded  by 
the  superheterodyne  method  of  reception 
(treated  later). 

• SUPERREGENERATION 

The  limit  to  which  regenerative  amplifica¬ 
tion  can  be  carried  is  the  point  at  which  the 
tube  starts  to  oscillate,  because  when  oscilla- 
tions  commence,  further  regenerative  amplifi¬ 
cation  ceases.  To  overcome  this  limitation  and 
give  still  greater  amplification,  the  superregen- 
erative  circuit  has  been  devised.  Essentially, 
the  superregenerative  detector  is  similar  to  the 
ordinary  regenerative  type  but  with  a  com- 
paratively  low-frequency  super-audible  (above 
audibility)  signal  introduced  in  such  a  way  as 
to  vary  the  detector’s  operating  point.  As  a 
consequence  of  the  introduction  of  this  quench 
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or  interruption  frequency  the  detector  can  oscil- 
late  at  the  slgnal  frequency  only  when  the 
moving  operating  point  is  in  a  region  suitable 
for  the  production  of  oscillations.  Because 
the  oscillations  are  constantly  being  inter- 
rupted,  the  signal  can  build  up  to  relatively 
tremendous  proportions,  and  the  auperregen- 


Fig.  333  —  An  elementary  superregenerative  eireuit. 

erative  detector  therefore  is  extremely  sensi- 
tive.  See  Fig.  333.  The  circuit  finds  its  chief 
field  in  the  reception  of  ultra-high-frequency 
signals,  for  which  purpose  it  has  proved 
eminently  successful. 

•  MULTI-ELEMENT  TUBES 

More  than  three  elements  may  be  used  to 
make  a  tube  particularly  suitable  for  certain 
specialized  applications;  likewise  two  or  more 
sets  of  elements  may  be  combined  in  one  bulb 
so  that  a  single  tube  may  be  used  to  perform 
two  or  three  separate  functions. 

Tubes  having  four  elements  are  called 
tetrodes,  while  if  a  fifth  element  is  added  the 
tube  is  known  as  a  pentode.  Many  element 
combinations  and  structures  become  possible 
as  the  number  of  electrodes  is  increased,  but 
only  a  few  have  practical  applications. 

Tetrodes  —  Beam  Tubes 

In  the  section  on  tube  oscillators  it  was  ex- 
plained  that  oscillations  could  be  sustained 
through  transfer  of  energy  from  the  plate  to 
the  grid  through  the  electrostatic  capacity 
existing  between  plate  and  grid,  the  circuit  of 
Fig.  330-B  being  used  as  an  illustration.  This 
circuit  without  the  feed-back  condenser  is  the 
one  which  would  also  be  used  if  the  tube  is 
intended  to  amplify,  but  not  oscillate,  at  radio 
frequencies;  that  is,  the  input  and  output 
circuits  must  be  tuned  to  the  same  frequency. 
However,  the  grid-plate  capacity  of  the  triode 
returns  so  much  energy  to  the  grid  circuit  from 
the  plate  that  it  is  impossible  to  prevent  the 
tube  from  oscillating. 

If  a  second  grid,  in  the  form  of  an  electro¬ 
static  shield  between  the  control  grid  and 
plate,  is  added,  the  grid-plate  capacity  can  be 
reduced  to  a  value  which  will  not  permit  oscil¬ 
lations  to  occur.  The  screen  grid ,  as  it  is  called, 
increases  the  amplification  factor  and  plate 
resistance  of  the  tube  to  values  much  higher 
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than  are  attaiaable  in  triodes  of  practicable 

construction,  although  the  mutualconductance 
is  about  the  same  as  that  of  an  equivalent 
triode.  The  screen  grid  is  ordinarily  operated 
at  a  positive  potential  about  one-third  that 
placed  on  the  plate,  and  is  by-passed  back  to 
the  cathode  so  that  it  has  essen tially  the  same 
a.c.  potential  as  the  cathode. 

Large  screen-grid  tubes  of  the  power  type 
are  used  as  amplifiers  in  transmitting  installa- 
tions.  The  screen-grid  tube  can  be  used  as 
both  plate  and  grid  detector,  generally  showing 
greater  sensitivity  than  the  triode  types. 

Another  type  of  tetrode,  in  which  the  elec¬ 
trostatic  shielding  provided  by  the  second  grid 
is  purely  incidental,  is  built  for  audio  power 
output  work.  The  second  grid  (usually  called 
the  “screen”  although  not  actually  a  screen 
grid)  accelerates  the  flow  of  electrons  from 
cathode  to  plate,  and  the  structure  gives  a 
higher  power  sensitivity  —  ratio  of  power  out¬ 
put  to  grid-voltage  swing  causing  it  —  than  is 
possible  with  triodes.  “Beam”  power  tubes  are 
tetrodes  with  special  element  structure  so  that 
the  electrons  are  concentrated  in  desired  paths 
to  the  plate.  The  beam  principle  results  in 
relatively  high  plate  efficiency  and  power 
sensitivity,  with  the  effects  of  secondary  emis- 
sion  overcome.  Beam  tubes  are  used  both  in 
audio  amplifiers  and  radio-frequency  trans¬ 
mitting  circuits. 

Pen tode s 

The  addition  of  the  screen  grid  in  the  ordi- 
nary  tetrode  causes  an  undesirable  effect  which 
limits  the  usefulness  of  the  tube.  Electrons 
striking  the  plate  at  high  speeds  dislodge  other 
electrons  which  “splash”  from  the  plate,  caus¬ 
ing  secondary  emission.  In  the  triode,  ordinar¬ 
ily  operated  with  the  grid  negative  with  respect 
to  cathode,  these  secondary  electrons  are  re- 
pelled  back  into  the  plate  and  cause  no  dis- 
turbance.  In  the  screen-grid  tube,  however,  the 
positively  charged  screen  grid  attracts  the 
secondary  electrons,  causing  a  reverse  current 
to  flow  between  screen  and  plate.  The  effect  is 
particularly  marked  when  the  plate  and  screen 
potentials  are  nearly  equal,  which  may  be  the 
case  during  part  of  the  a.c.  cycle  when  the 
instantaneous  plate  current  is  large. 

To  overcome  the  effects  of  secondary  emis¬ 
sion  a  third  grid,  called  the  suppressor  grid,  is 
inserted  between  the  screen  and  plate.  This 
grid,  being  connected  directly  to  the  cathode, 
repels  the  relatively  low-velocity  secondary 
electrons  back  to  the  plate  without  obstructing 
to  any  appreciable  extent  the  regular  plate- 
current  flow.  Larger  undistorted  outputs  there¬ 
fore  can  be  secured  from  the  pentode. 

Pentode-type  screen-grid  tubes  are  used  as 
radio-frequency  voltage  amplifiers,  and  in  ad¬ 
dition  can  be  used  as  audio-frequency  voltage 
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amplifiers  to  give  high  voltage  gain  per  stage. 
Pentode  tubes  also  are  suitable  as  audio- 
frequency  power  amplifiers,  having  greater 
plate  efficiency  than  triodes  and  requiring  less 
grid  swing  for  maximum  output. 

Malti-Purpose  Types 

A  great  many  types  of  tubes  have  been  de- 
veloped  to  do  special  work  in  receiving  circuits. 
Among  the  simplest  of  these  are  full-wave 
rectifiers,  combining  two  separate  diodes  of 
the  power  type  in  one  bulb,  and  twin-triodes, 
consisting  of  two  triodes  in  one  bulb  for  Class-B 
audio  amplification.  To  add  the  functions  of 
diode  detection  and  automatic  volume  control 
—  described  in  Chapter  Four  on  receivers  — - 
to  that  of  amplification,  a  number  of  types  are 
made  in  which  two  small  diode  plates  are 
placed  near  the  cathode,  but  not  in  the  ampli- 
fier-portion  structure.  These  types  are  known 
as  duplex-diode  triodes  or  duplex-diode  pen- 
todes,  depending  upon  the  type  of  amplifier. 

The  pentagrid  converter  is  a  special  tube 
serving  as  both  oscillator  and  mixer,  used  in 
superheterodyne  receivers.  There  are  five  grids 
between  cathode  and  plate  in  this  tube;  the 
'two  inner  grids  serve  as  control  grid  and  plate 
of  a  small  oscillator  triode,  while  the  fourth 
grid  is  the  detector  control  grid.  The  third  and 
fifth  grids  are  connected  together  to  form  a 
screen-grid  which  shields  the  detector  control 
grid  electrostatically  from  the  other  elements. 
The  pentagrid  converter  eliminates  the  need 
for  special  coupling  between  oscillator  and 
detector  circuits. 

Another  type  consists  of  a  triode  and  pen¬ 
tode  in  one  bulb,  for  use  where  the  oscillator 
and  first  detector  are  preferably  separately 
coupled;  while  still  another  type  (the  6L7)  is  a 
pentode  with  a  separate  grid  for  connection  to 
an  external  oscillator  circuit.  This  “injection” 
grid  provides  a  means  for  introducing  the 
oscillator  voltage  into  the  detector  circuit  by 
electronic  means. 

Receiving  screen-grid  tetrodes  and  pentodes 
for  radio-frequency  voltage  amplification  are 
made  in  two  types,  known  as  “sharp  cut-off” 
and  “  variable-/i "  or  “super-control”  types. 
In  the  sharp  cut-off  type  the  amplification 


factor  is  practically  constant  regardless  of  grid 
bias,  while  in  the  variable-^  type  the  amplifica¬ 
tion  factor  decreases  as  the  negative  bias  is 
increased.  The  purpose  of  this  design  is  to 
permit  the  tube  to  handle  large  signal  voltages 
without  distortion  in  circuits  in  which  grid- 
bias  control  is  used  to  vary  the  amplification, 
and  to  reduce  interference  from  stations  on 
adjacent  frequencies  by  preventing  cross- 
modulation.  Cross-modulation  is  modulation 
of  the  desired  signal  by  an  undesired  one,  and 
is  practically  the  same  thing  as  detection. 
The  variable-^  type  of  tube  is  a  poor  detector 
in  circuits  used  for  r.f.  amplification,  hence 
cross-modulation  is  reduced  by  its  use. 

Types  o i  Cathodes 

Cathodes  are  of  two  types,  directly  and  in- 
directly  heated.  Directly-heated  cathodes  or 
filaments  used  in  receiving  tubes  are  of  the 
oxide-coated  type,  consisting  of  a  wire  or  rib¬ 
bon  of  tungsten  coated  with  certain  rare  metals 
and  earths  which  form  an  oxide  capable  of 
emitting  large  numbers  of  electrons  with  com- 
paratively  Iittle  cathode-heating  power.  Di¬ 
rectly-heated  cathodes  are  used  in  older  audio 
power-output  tubes,  power  rectifiers,  tubes 
intended  for  operation  from  dry-cell  batteries 
where  economy  of  filament  current  is  impor¬ 
tant,  and  in  all  but  the  smallest  transmitting 
tubes. 

When  directly-heated  cathodes  are  operated 
on  alternating  current,  the  cyclic  variation  of 
current  causes  electrostatic  and  magnetic  ef- 
fects  which  vary  the  plate  current  of  the  tube 
at  supply-frequency  rate  and  thus  produce 
hum  in  the  output.  Hum  from  this  source  is 
eliminated  by  the  indirectly-heated  cathode, 
consisting  of  a  thin  metal  sleeve  or  thimble, 
coated  with  electron-emitting  material,  en- 
closing  a  tungsten  wire  which  acts  as  a  heater. 
The  heater  brings  the  cathode  thimble  to  the 
proper  temperature  to  cause  electron  emission. 
This  type  of  cathode  is  also  known  as  the  equi- 
potential  cathode,  since  all  parts  are  at  the 
same  potential.  The  cathode  ordinarily  is  not 
connected  to  the  heater  inside  the  tube,  the 
terminals  being  brought  out  to  separate  base 
pins. 
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In  this  chapter  we  shall  discuss  receivers  de- 
signed  for  use  on  frequeneies  lying  between 
1750  and  30,000  kc.  The  geperal  principles  to 
be  outlined  are  equally  valid  for  the  ultra- 
high-frequency  region  (above  30,000  ke.),  but 
there  are  practical  reasons  why  such  receivers 
should  be  given  separate  treatment  later  in 
this  volume. 

The  preceding  chapter  has  explained  the 
necessity  for  amplification  and  rectification 
(“detection”)  of  the  radio  signals  fed  to  the 
input  terminals  of  the  receiver  by  the  antenna. 
A  receiver  has  four  important  general  charac¬ 
teristics  :  sensitivity,  selectivity,  stability,  fidel- 
ity.  To  a  considerable  extent,  the  four  are 
interlocking;  that  is,  a  change  in  one  will  affect 
the  other  three. 

Sensitivity 

Sensitivity  is  defined  as  the  strength  of  the 
signal  (usually  expressed  in  microvolts)  which 
must  be  applied  to  the  input  terminals  of  the 
receiver  to  produce  a  specified  audio-frequency 


Fig.  401  —  Selectivity  curve  of  a  modern  super¬ 
heterodyne  receiver.  The  relative  response  is  plotted 
against  deviations  above  and  below  the  resonance  fre- 
quency.  The  scale  at  the  left  is  in  terms  of  voltage 
ratios;  the  corresponding  decibel  steps  (see  Chapter  20) 
are  shown  at  the  right. 
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power  output  at  the  loud-speaker  or  headset. 
This  is  a  measure  of  the  amplification  or  gain, 
but  does  not  give  a  true  representation  of  the 
ability  of  the  receiver  to  make  very  weak 
signals  intelligible.  This  property  is  dependent 
not  only  upon  the  amplification  but  also  upon 
the  presenee  of  noise  which,  being  amplified 
with  the  signal,  may  mask  the  Jatter. 

Since  noise,  unlike  the  signal,  does  not  have  a 
definite  frequency  but  is  spread  over  a  wide 
band  of  frequeneies,  the  noise  output  will  de- 
pend  upon  the  width  of  the  band  of  frequeneies 
to  which  the  receiver  will  respond.  The  noise 
output  is  eonsequently  a  function  of  the 
selectivity  of  the  receiver. 

Selectivity 

Selectivity  is  the  ability  of  a  receiver  to  dis- 
criminate  against  signals  of  frequeneies  differ- 
ing  from  that  of  the  desired  signal.  The  overall 
selectivity  will  depend  upon  the  selectivity  of 
the  individual  tuned  circuits  and  the  number 
of  sueh  circuits.  It  is  also  dependent  upon  the 
frequency  characteristic  of  the  audio  amplifier 
in  the  receiver;  the  smaller  the  band  of  audio 
frequeneies  reprodueed,  the  greater  the  eon- 
tribution  of  the  audio  amplifier  to  selectivity. 

The  selectivity  of  a  receiver  is  shown  graph- 
ically  by  drawing  a  curve  which  gives  the  ratio 
of  signal  strength  required  at  various  frequen- 
cies  o  ff  resonance,  to  the  signal  strength  at 
resonance,  to  give  constant  output.  A  reso¬ 
nance  curve  of  this  type  (taken  on  a  typi- 
cal  communications-type  superheterodyne  re¬ 
ceiver)  is  shown  in  Pig.  401.  The  band-width 
is  the  width  of  the  resonance  curve  (in  cycles 
or  kilocycles)  at  a  specified  ratio;  in  Fig.  401, 
the  band-widths  are  shown  for  ratios  of  2  and 
10. 

Besides  its  importance  in  separating  signals 
and  its  effect  on  noise  (preceding  section) 
selectivity  also  has  an  important  effect  on 
fidelity,  and  imposes  requirements  on  stability. 

Stability 

Stability  of  a  receiver  is  its  ability  to  give 
constant  output,  over  a  period  of  time,  from  a 
signal  of  constant  strength  and  frequency. 
Primarily,  it  means  the  ability  to  stay  tuned  to 
a  given  signal,  although  a  receiver  which  at 


some  settings  of  its  Controls  has  a  tendency  to 
break  into  oscillation,  or  “howl,”  is  said  to  be 
unstable. 

The  stability  of  a  receiver  is  affected  prin- 
cipally  by  temperature  variations,  voltage 
changes,  and  constructional  features  of  a 
meehanical  nature. 


Fidelity 

Fidelity  is  the  relative  ability  of  the  receiver 
to  reproduce  in  its  output  the  modulation 
(keying,  ’phone,  etc.)  carried  by  the  incoming 
signal.  For  exact  reproduction,  the  band-width 
must  be  great  enough  to  accommodate  the 
highest  modulation  frequency,  and  the  relative 
amplitudes  of  the  various  frequency  compo- 
nents  within  the  band  must  not  be  changed. 
In  amateur  work,  a  high  order  of  fidelity  is  not 
required,  even  for  ’phone  reception;  the  im¬ 
portant  thing  is  to  obtain  adequate  intelligi- 
bility.  Considerably  greater  selectivity  may  be 
used  on  this  basis,  with  a  resulting  decrease 
in  interference.  For  keyed  signals,  the  selectiv¬ 
ity  may  be  made  extremely  high  without 
destroying  the  intelligibility. 

•  DETECTORS 

The  simplest  possible  receiver  would  consist 
of  a  rectifier  or  detector  associated  with  a  tuned 
circuit  for  selecting  a  desired  signal,  along 
with  a  headset  for  making  the  rectified  signals 
audible.  The  important  characteristics  of  a 
detector  are  its  sensitivity,  fidelity  or  linearity, 
resistance,  and  signal-handling  capability. 

Detector  sensitivity  is  the  ratio  of  audio- 
frequency  output  to  radio-frequency  input. 
Linearity  is  a  measure  of  the  ability  of  the 
detector  to  reproduce,  as  an  audio  frequency, 
the  exact  form  of  the  modulation  on  the  in¬ 
coming  signal.  The  resistance  of  the  detector 
is  important  in  circuit  design,  since  a  rela- 
tively  low  resistance  means  that  power  is 
consumed  in  the  detector.  The  signal-handling 
capability  means  the  ability  of  the  detector 
to  accept  signals  of  a  specified  amplitude 
without  overloading. 

The  Diode 

The  simplest  detector  is  the  diode  rectifier, 
the  operation  of  which  has  been  explained  in 
Chapter  3.  Circuits  for  both  half-wave  and 
full-wave  diodes  are  given  in  Fig.  402.  The 
simplified  half-wave  circuit  at  402-A  includes 
the  r.f.  tuned  circuit  L2C1,  with  a  coupling 
coil  Li  from  which  the  r.f.  energy  is  fed  to 
L'iC  1 ;  the  diode,  D,  and  the  load  resistance 
12 1  and  by-pass  condenser  C-i.  The  flow  of 
rectified  r.f.  current  through  R\  causes  a  d.c. 
voltage  to  develop  across  its  terminals,  and 
this  voltage  varies  with  the  modulation  on 
the  signal.  The  —  and  +  signs  show  the  po- 
larity  of  the  voltage.  Variation  in  amplitude 
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of  the  r.f.  signal  with  modulation  causes  cor- 
responding  variations  in  the  value  of  the  d.c. 
voltage  across  i2i.  The  load  resistor,  R\, 
usually  has  a  rather  high  value  so  that  a  fairly 
large  voltage  will  develop  from  a  small  recti- 
fied-current  flow. 

In  the  circuit  at  402-B,  R\  and  C2  have  been 
divided  for  the  purpose  of  filtering  r.f.  from  the 
output  circuit;  any  r.f.  voltage  in  the  output 
may  cause  overloading  of  a  succeeding  ampli- 
fier  tube.  These  audio-frequency  variations 
can  be  transferred  to  another  circuit  through 
a  coupling  condenser,  C 4  in  Fig.  402,  to  a 
load  resistor  R$,  which  usually  is  a  “potenti- 
ometer”  so  that  the  volume  can  be  adjusted 
to  a  desired  level. 

The  full-wave  diode  circuit  at  402-C  is  prac- 
tically  identical  in  operation  to  the  half-wave 
circuit,  except  that  both  halves  of  the  r.f.  cycie 
are  utilized.  The  full-wave  circuit  has  the  ad- 
vantage  that  very  little  r.f.  voltage  appears 
across  the  load  resistor,  12 1,  because  the  rnid- 
point  of  L%  is  at  the  same  potential  as  the  cath- 
ode  or  “ground”  for  r.f. 
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Fig.  402  —  Simplified  and  practical  diode  detector 
circuits.  A ,  the  elementary  half-wave  diode  detector; 
B ,  a  practical  circuit,  with  r.f.  filtering  and  audio  output 
coupling;  C,  full-wave  diode  detector,  with  output 
coupling  indicated.  The  circuit  L2C1  is  tuned  to  the  sig¬ 
nal  frequency;  typical  values  for  C2  and  Ri  in  A  and  C 
are  250  /i/ifd.  and  250,000  ohms,  respectively;  in  B , 
C2  and  Cs  are  100  p/Ad.  each;  Ri,  50,000  ohms;  and  R2, 
250,000  ohms.  C4  is  0.1  j*fd.  and  R3,  0.5  to  1  megohm  in 
ali  three  diagrams. 


CHAPTER  FOUR 


The  Radio  Amateur’s  Handbook 


Fig.  403  —  Grid-leak  detector  circuits.  A,  triodc;  B, 
pentode.  A  tetrode  ma y  be  used  in  tbe  eireuit  of  B  by 
neglecting  the  suppressor-grid  eonnection.  Transformer 
coupling  may  be  substituted  for  resistance  coupling  in 
A,  or  a  high-inductance  choke  may  replace  the  plate 
resistor  in  B.  LiCi  is  a  eireuit  tuned  to  the  signal  fre- 
quency.  The  grid  leak,  Ri,  may  be  conneeted  directly 
from  grid  to  cathode  instead  of  acroBS  the  grid  condenser 
asshown.  The  operation  with  either  eonnection  will  be 
the  same.  Representative  values  are: 


Component 

Circuit  A 

Circuit  B 

c2 

100  to  250  ju/ifd. 

100  to  250  wifd. 

c3 

0.001  to  0.002  fiïd. 

250  to  500  wié. 

Ci 

0.1  4  d. 

0.1  (lid. 

Cs 

0.5  /ifd.  or  larger 

Ri 

1  to  2  megohms 

1  to  5  megohms 

Ra 

50,000  ohms 

100,000  to  250,000  ohms 

R » 

50,000  ohms 

«4 

20,000  ohms 

T 

Interstage  audio 
transformer 

L 

500-henry  choke 

The  reactance  of  Ci  must  be  small  compared 
to  the  resistance  of  Ri  at  the  radio  frequency 
being  rectified,  but  at  audio  frequencies  must 
be  relatively  large  compared  to  R\.  This  condi- 
tion  is  satisfied  by  the  values  shown.  If  the 
capacity  of  C2  is  too  large,  the  response  at  the 
higher  audio  frequencies  will  be  low. 

Compared  with  other  detectors,  the  sensitiv- 
ity  of  the  diode  is  low.  Since  the  diode  con- 
sumes  power,  the  Q  of  the  tuned  circuit  is  re- 
duced,  bringing  about  a  reduction  in  selectiv- 
ity.  The  linearity  is  good,  however,  and  the 
signal-handling  capability  is  high. 

The  Grid-Leak  Detector 

The  grid-leak  detector  is  a  combination 
diode  rectifier  and  audio-frequency  amplifier. 
In  the  circuit  of  Fig.  403-A,  the  grid  corre- 
sponds  to  the  diode  plate,  and  the  rectifying 
action  is  exactly  the  same.  The  d.c.  voltage 
from  rectified  current  flow  through  the  grid 
leak,  Ri  biases  the  grid  negatively  with  re¬ 
spect  to  cathode,  and  the  audio-frequency 
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variations  in  voltage  across  R\  are  amplified 
through  the  tube  just  as  in  a  normal  a.f.  ampli¬ 
fier.  In  the  plate  circuit,  R2  is  the  plate  load 
resistance  and  C 3  a  by-pass  condenser  to 
eliminate  r.f.  in  the  output  circuit.  C4  is  the 
output  coupling  condenser.  With  atriode,  the 
load  resistor  Ri  may  be  replaced  by  an  audio 
transformer,  T,  as  shown,  in  which  case  C 4  is 
not  used. 

Since  audio  amplification  is  added  to  recti- 
fication,  the  grid-leak  detector  has  consider- 
ably  greater  sensitivity  than  the  plain  diode. 
The  sensitivity  can  be  further  increased  by 
using  a  screen-grid  tube  instead  of  a  triode,  as 
at  403-B.  The  operation  is  equivalent  to  that 
of  the  triode  circuit.  C 5,  the  screen  by-pass 
condenser,  should  have  low  reactance  for  both 
radio  and  audio  frequencies.  R3  and  R4  con- 
stitute  a  voltage  divider  from  the  plate  supply 
to  furnish  the  proper  d.c.  voltage  to  the  screen. 
In  both  circuits,  C 2  must  have  low  r.f.  reactance 
and  high  a.f.  reactance  compared  to  the  re¬ 
sistance  of  Ri)  the  same  consideration  applies 
to  C3  with  respect  to  R<i. 

The  sensitivity  of  the  grid-leak  detector  is 
higher  than  that  of  any  other  type,  and  it  is 
therefore  the  preferred  detector  for  weak  sig- 


Fig.  404 —  Cireuits  for  plate  detection.  A,  triode;  B, 
pentode.  LiCi  is  tuned  to  the  signal  frequency.  Typical 
values  for  other  constants  are: 


Component 

Circuit  A 

Circuit  B 

Ci 

0.5  afd.  or  larger 

0.5  /ifd.  or  larger 

Ca 

0.001  to  0.002  ^fd. 

250  to  500  /i/ifd. 

Ci 

0.1  j»fd. 

0.1  Mfd. 

Ca 

0.5  (lid.  or  larger 

Ri 

10,000  to  20,000 
ohms 

10,000  to  20,000  ohms 

Rt 

50,000  to  100,000 
ohms 

100,000  to  250,000  ohms 

Ra 

50,000  ohms 

Ri 

20,000  ohms 

nals.  Like  the  diode,  it  “loads”  the  tuned  cir¬ 
cuit  and  reduces  its  selectivity.  The  linearity 
is  rather  poor,  and  the  signal-handling  capabil- 
ity  is  limited. 

The  Plate  Detector 

The  plate  detector  is  a  triode  or  screen-grid 
tube  arranged  so  that  rectification  of  the  r.f. 
signal  takes  place  in  the  plate  circuit,  as  con- 
trasted  to  the  grid  rectification  just  described. 
Sufficiënt  negative  bias  is  applied  to  the  grid  to 
bring  the  plate  current  nearly  to  the  cut-off 
point,  so  that  the  application  of  a  signal  to  the 
grid  circuit  causes  an  increase  in  average  plate 
current.  The  average  plate  current  follows  the 
changes  in  signal  amplitude  in  a  fashion  sim- 
ilar  to  the  rectified  current  in  a  diode  detector. 

Circuits  for  triodes  and  pentodes  are  given  in 
Fig.  404.  C3  is  the  plate  by-pass  condenser,  Ri  is 
the  cathode  resistor  which  provides  the  operat- 
ing  grid  bias,  and  C2  is  a  by-pass,  for  both  radio 
and  audio  frequencies,  across  R 1.  Rt  is  the  plate 
load  resistance  across  which  a  voltage  appears 
as  a  result  of  the  rectifying  action  described 
above.  It  corresponds  to  the  diode  load  re¬ 
sistance  in  Fig.  402.  C4  is  the  output  coupling 
condenser.  In  the  pentode  circuit  at  B,  R3  and 
Ri  form  a  voltage  divider  to  supply  the  proper 
poten tial  (about  30  volts)  to  the  screen,  and 
Cf,  is  a  by-pass  condenser  between  the  screen 
and  cathode.  Cs  must  have  low  reactance  for 
both  radio  and  audio  frequencies. 

The  plate  detector  is  more  sensitive  than 
the  diode,  since  there  is  some  amplifying  action 
in  the  tube,  but  less  so  than  the  grid-leak  de¬ 
tector.  It  will  handle  considerably  larger  sig- 
nals  than  the  grid-leak  detector,  but  is  not 
quite  as  tolerant  in  this  respect  as  the  diode. 
Linearity,  with  the  self-biased  circuits  shown, 
is  good.  Up  to  the  overload  point,  the  detector 
takes  no  power  from  the  tuned  circuit  and 
hence  does  not  affect  its  Q  and  selectivity. 

Detection  of  Code  (C.W.)  Signa  Is 

In  the  detector  circuits  just  described,  audio- 
frequency  output  is  secured  only  when  the 
amplitude  of  the  incoming  signal  is  varied,  or 
modulated,  at  an  audio-frequency  rate.  In 
telegraph  transmission,  the  characters  of  the 
telegraphic  code  are  formed  by  turning  on  and 
off  a  signal,  or  carrier,  of  constant  amplitude, 
and  since  at  ordinary  hand-sending  speed  this 
operation  is  not  rapid  enough  to  produce  an 
audible  tone,  no  sound  is  produced  in  a  head- 
set  or  loud-speaker.  These  detectors,  there- 
fore,  are  not  suitable  alone  for  the  aural  recep- 
tion  of  c.w.  telegraph  signals. 

The  dots  and  dashes  can  be  made  audible  by 
introducing  into  the  detector  a  second  radio 
frequency,  differing  by  an  audio  frequency 
from  the  signal  frequency,  to  beat  with  or 
heterodyne  the  incoming  signal.  The  beat-note 
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is  adjustable  to  any  desired  pitch  by  changing 
the  “local”  frequency  with  respect  to  the  sig¬ 
nal  frequency.  The  “local”  signal  may  be 
generated  by  an  oscillator,  the  output  of  which 
is  loosely  coupled  to  the  detector  (beat  os¬ 
cillator),  or  by  making  the  detector  itself  os- 
cillate.  The  latter  arrangement  is  called  a 
regenerative  autödyne  detector. 


57,  58,  etc 


58,  6K7  etc 


Fig.  40 5  —  Triode  and  pentode  (screen-grid)  re¬ 
generative  detector  circuits. 


CHAPTER  FOUR 


The  Radio  Amateur  s  Handbook 


Regenerative  Detectors 

The  regenerative  detector  is  enormously 
more  sensitive  to  weak  signals  than  the  non- 
regenerative  detectors  previously  described. 
Regeneration  also  increases  the  effective  Q  of 
the  circuit  and  hence  increases  the  selectivity, 
by  virtue  of  the  fact  that  the  maximum  regen¬ 
erative  amplification  takes  place  at  only  the 
frequency  to  which  the  circuit  is  tuned.  The 
grid-leak  type  of  detector  is  most  suitable  for 
the  purpose.  Except  for  the  regenerative  con- 
nection,  the  circuit  values  are  identical  with 
those  previously  described  for  this  type  of 
detector,  and  the  same  considerations  apply. 

The  sensitivity  of  the  regenerative  detector 
is  greatest  when  the  tube  is  oscillating  very 
weakly,  in  beat-note  reception,  or  when  very 
near  the  oscillation  point,  but  not  actually  os¬ 
cillating,  in  reception  of  ’phone  signals.  A 
regeneration  control  must  be  provided  so  that 
the  adjustment  for  greatest  sensitivity  can  be 
obtained.  Since  there  is  a  tendency,  when  the 
incoming  signal  is  strong,  for  the  oscillating 
detector  to  “pull”  or  “lock”  into  synchro- 
nism  with  the  signal  (when  this  happens,  there 
is  no  difference  between  the  two  frequencies 
and  the  beat-note  therefore  disappears)  the 
regeneration  control  setting  will  be  different 
for  signals  of  differing  strengths.  Also,  the  set¬ 
ting  is  quite  critical,  and  in  practical  circuits  it 
is  difficult  to  get  a  system  for  regeneration  con- 
trol  which  does  not  also  change  the  tuning  of 
the  circuit  to  some  extent.  Again,  if  the  de¬ 
tector  itself  is  coupled  to  an  antenna,  slight 
changes  in  the  antenna  constants  (as  when 
the  wire  swings  in  a  breeze)  affect  the  fre¬ 
quency  of  the  oscillations  generated  by  the  de¬ 
tector,  and  thereby  the  beat  frequency  when 
c.w.  signals  are  being  received.  The  regenera¬ 
tion  control  setting  also  depends  upon  the 
coupling  between  the  antenna  and  the  de¬ 
tector  circuit,  an  effect  which  varies  with 
frequency. 

Fig.  405  shows  the  circuits  of  regenerative 
detectors  of  various  types.  The  circuit  of  A 
is  for  a  triode  tube,  with  an  adjustable  resistor 
in  the  d.c.  plate  feed  to  vary  the  plate  voltage 
on  the  tube  and  thus  to  control  regeneration. 
If  both  coils  are  wound  end  to  end  in  the  same 
direction,  the  plate  connection  is  to  the  out- 
side  of  the  plate  or  “tickler”  coil  when  the 
grid  connection  is  to  the  outside  of  the  tuned 
circuit. 

The  circuit  of  B  is  for  a  screen-grid  tube,  re¬ 
generation  being  controlled  by  adjustment  of 
the  screen-grid  voltage.  The  tickler  is  in  the 
plate  circuit.  As  in  the  circuit  of  A,  the  portion 
of  the  control  resistor  between  the  rotating 
contact  and  ground  is  by-passed  by  a  large 
condenser  (0.5  fifd.  or  more)  to  filter  out 
scratching  noise  when  the  arm  is  rotated.  The 
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tickler  should  be  adjusted  so  that  the  tube  just 

goes  into  oscillation  at  a  screen  voltage  of  ap- 
proximately  30  volts.  The  circuit  of  C  is  also 
for  a  screen-grid  tube,  but  uses  a  variable  by¬ 
pass  condenser  for  regeneration  control,  the 
screen-grid  voltage  being  fixed.  When  the  ca- 
pacity  is  small  the  tube  does  not  regenerate, 
but  as  it  increases  toward  maximum  its  react- 
ance  becomes  smaller  until  a  critical  value  is 
reached  where  there  is  sufficiënt  feed-back  to 
cause  oscillation.  This  method  of  control  is 
quiet  and  smooth  in  operation  when  the  size 
of  the  tickler  and  coupling  to  the  grid  coil  are 
carefully  adjusted. 

The  circuit  of  D  differs  from  that  of  B  only 
in  that  the  feed-back  winding  is  in  the  cathode- 
to-ground  circuit,  being  actually  part  of  the 
tuned-circuit  coil.  This  places  it  effectively  in 
the  plate  circuit  (plate  to  ground  and  thence  to 
the  cathode),  so  that  the  action  is  much  the 
same.  However,  the  tickler  is  also  in  the  screen- 
to-cathode  return  circuit,  and  the  screen 
operates  to  furnish  feed-back  as  a  sort  of  auxil- 
iary  plate.  Hence  a  smaller  tickler  winding  is 
required  to  give  proper  regeneration  and  oscil- 
latión.  The  circuit  of  E  is  the  same  as  that  of 
D,  except  that  a  separate  feed-back  winding  is 
used.  This  eliminates  the  necessity  of  tapping 
the  cathode  into  the  main  coil. 

In  all  methods  it  is  best  that  the  tickler  be 
mounted  or  wound  at  the  “ground”  end  and 
not  the  grid  end  of  the  tuning  coil.  In  the  inter- 
ests  of  smooth  control  it  will  be  found  advisable 
to  use  just  as  few  turns  on  the  tickler  as  will 
allow  the  tube  to  oscillate  easily  all  over  the 
tuning  range. 

•  TUNED  CIRCUITS  — BAND  CHANGING 

The  resonant  circuits  which  are  tuned  to  the 
frequency  of  the  incoming  signal  constitute  a 
special  problem  in  the  design  of  amateur  re- 
ceivers  since,  as  explained  in  Chapter  2,  the 
amateur  frequency  assignments  consist  of 
groups  or  bands  of  frequencies  at  widely- 
spaced  intervals.  The  same  LC  combination 
cannot  be  used  for,  say,  14  Mc.  and  3.5  Mc. 
It  is  necessary,  therefore,  to  provide  a  means 
for  changing  the  circuit  constants  for  various 
frequency  bands.  As  a  matter  of  convenience, 
the  same  tuning  condenser  usually  is  retained, 
but  new  coils  are  inserted  in  the  circuit  for 
each  band. 

There  are  two  favorite  methods  of  changing 
inductances;  one  is  to  use  a  switch,  having  an 
appropriate  number  of  contacts,  which  con- 
nects  the  desired  coil  and  disconnects  the 
others.  The  second  is  to  use  coils  wound  on 
forms  with  contacts  .(usually  pins)  which  can 
be  inserted  in  and  removed  from  a  socket. 
The  switch  is  convenient  in  operation  but, 
with  the  coil  assembly,  is  bulky  and  somewhat 
difficult  to  adapt  to  home  construction. 
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Plug-in  coils  are  preferred  by  the  great  ma- 
jority  of  home  builders  because  it  is  easier  to 
work  with  them,  and  a  compact  circuit  layout 
is  readily  possible. 

Band-Spread  Tuning 

The  tuning  range  of  a  given  coil  and  variable 
eondenser  will  depend  upon  the  inductance  of 
the  coil  and  the  change  in  tuning  capacity.  For 
ease  of  tuning  it  is  desirable  to  adjust  the  tun¬ 
ing  range  so  that  practically  the  whole  dial 
scale  is  occupied  by  the  band  in  use.  This  is 
called  band-spreading.  Because  of  the  varying 
widths  of  the  bands,  special  tuning  methods 
must  be  devised  to  give  the  correct  maximum- 
minimum  capacity  ratio  on  each.  Several  of 
these  are  shown  in  Fig.  406. 

In  A,  a  small  band-spread  eondenser  C\ 
(15  to  25  ^ijufd.  maximum  capacity)  is  used  in 
parallel  with  a  eondenser,  C2,  which  is  usually 
large  enough  (140  to  175  M/dd.)  to  cover  a  wide 


(A) 


Fig.  406  —  Essen¬ 
tials  of  band-spread 
tuning  systems. 


(B) 


(C) 


frequeney  range.  The  setting  of  C 2  will  deter- 
mine  the  minimum  capacity  of  the  circuit, 
and  the  maximum  capacity  for  band-spread 
tuning  will  be  the  maximum  capacity  of  C\ 
plus  the  setting  of  C\.  The  inductance  of  the 
coil  can  be  adjusted  for  each  band  so  that  the 
maximum-minimum  ratio  will  give  adequate 
band-spread.  In  practicable  circuits  it  is  al- 
most  impossible  to  get  f uil  band-spread  on  all 
bands  with  the  same  pair  of  condensers  espe- 
cially  when,  as  is  often  the  case,  the  coils  are 
wound  to  give  continuous  frequeney  coverage 
on  C 2,  which  is  variously.  called  the  band-set- 
ting  or  main-tuning  eondenser.  Also,  C 2 
must  be  re-set  each  time  the  band  is  changed. 

The  method  shown  at  B  tnakes  use  of  con¬ 

densers  in  series.  The  tuning  eondenser,  C\, 
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may  have  a  maximum  capacity  of  100  gjufd.  or 
more.  The  minimum  capacity  is  determined 
principally  by  the  setting  of  C3,  which  usually 
is  small,  and  the  maximum  capacity  by  the 
setting  of  C%  which  is  of  the  order  of  25  to 
50  fd.  This  method  is  capable  of  close  ad- 
justment  to  practically  any  desired  degree  of 
band-spread.  Ci  and  C 3  must  be  adjusted  for 
each  band  or  else  separate  pre-adjusted  con¬ 
densers  must  be  switched  in. 

The  circuit  at  C  is  probably  the  most  pop- 
ular  with  home  constructors,  since  it  gives 
complete  spread  on  each  band  and  requires  a 
relatively  small  number  of  parts.  C\,  the  band- 
spread  eondenser,  may  have  any  convenient 
value  of  capacity;  50  /urfd.  is  satisfactory.  C 2 
may  be  used  for  continuous  frequeney  cov¬ 
erage  (“general  coverage”)  and  as  a  band- 
setting  eondenser.  The  effective  maximum- 
minimum  capacity  ratio  depends  upon  the 
capacity  of  C2  and  the  point  at  which  Ci  is 
tapped  on  the  coil.  The  nearer  the  tap  to  the 
bottom  of  the  coil,  the  greater  the  band- 
spread,  and  vice  versa.  For  a  given  coil  and 
tap,  the  band-spread  will  be  greater  if  C2  is 
set  at  larger  capacity.  C 2  may  be  mounted  in 
the  plug-in  coil  form  and  pre-set,  if  desired. 
This  requires  a  separate  eondenser  for  each 
band,  but  eliminates  the  necessity  for  re-set- 
ting  C<i  each  time  the  band  is  changed. 

•  AUDIO-FREQUENCY  AMPLIFIERS 

Audio-frequency  amplifiers  are  used  after 
the  detector  to  increase  the  power  to  a  level 
suitable  for  operating  a  loud-speaker  or,  in 
some  cases,  a  headset.  There  are  seldom  more 
than  two  stages  of  a.f.  amplification  in  a  re- 
ceiver,  and  often  only  one. 

In  all  except  battery-operated  receivers,  the 
negative  grid  bias  of  audio  amplifiers  is  se- 
cured  from  the  voltage  drop  in  a  cathode  re- 
sistor.  The  cathode  resistor  must  be  by-passed 
by  a  eondenser  having  low  reactance,  at  the 
lowest  audio  frequeney  to  be  amplified,  com- 
pared  to  the  resistance  of  the  cathode  resistor 
(10%  or  less).  In  battery-operated  sets,  a 
separate  grid-bias  battery  generally  is  used. 

Headset  and  Voltage  Amplifiers 

The  circuits  shown  in  Fig.  407  are  typical 
of  those  used  for  voltage  amplification  and  for 
providing  sufficiënt  power  for  operation  of 
headphones.  Triodes  usually  are  preferred  to 
pentodes  because  they  are  better  suited  to 
working  into  an  audio  transformer  or  headset 
as  a  load. 

In  these  circuits,  R%  is  the  cathode  bias 
resistor  and  C\  the  cathode  by-pass  con- 
denser.  Ri,  the  grid  resistor,  gives  volume 
control  action;  the  nearer  the  variable  arm  to 
the  bottom  of  the  resistor  the  smaller  the  volt¬ 
age  fed  to  the  grid  and  hence  the  smaller  the 
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Fig.  407  —  Audio  amplifier 
circuits  for  voltage  amplifica- 
tion  and  headphone  output. 


output.  lts  value  ordinarily  is  from  0.25  to  1 
megohm.  0%  is  the  input  coupling  condenser, 
already  discussed  under  detectors;  it  is,  in 
fact,  identical  to  C4  in  Figs.  403  and  404  if  the 
amplifier  is  coupled  to  a  detector. 

Tone  Control 

A  tone  control  is  a  device  for  changing  the 
frequency  response  of  an  audio  amplifier; 
usually  it  is  simply  a  method  for  reducing  high- 
frequency  response.  This  is  helpful  in  reducing 
hissing  and  crackling  noises  without  disturb- 
ing  the  intelligibility  of  the  signal.  R4  and  C4 
together  in  Fig.  407-D  form  an  effective  tone 
control  of  this  type.  The  maximum  effect  is  se- 
cured  when  R4  is  entirely  out  of  the  circuit, 
leaving  C4  connected  between  grid  and  ground. 
R4  should  be  large  enough  so  that  when  it  is 
all  in  circuit  the  effect  of  C\  on  the  frequency 
response  is  negligible. 

Power  Amplifier s 

The  most  popular  type  of  power  amplifier  in 
amateur  receivers  is  the  single  pentode;  the 
circuit  diagram  is  given  in  Fig.  408-A.  The 
grid  resistor,  R 1,  may  be  a  potentiometer  for 
volume  control  as  shown  at  R\  in  Fig.  407.  The 
output  transformer  T,  should  have  a  turns 
ratio  suitable  for  the 'speaker  used;  most  of  the 
small  speakers  now  available  are  furnished 
complete  with  output  transformer. 

When  greater  volume  is  needed  a  pair  of 
pentodes  or  tetrodes  may  be  connected  in 
push-pull,  as  shown  in  Fig.  408-B.  Transformer 
coupling  to  the  voltage-amplifier  stage  is  the 
simplest  method  of  obtaining  push-pull  input 
for  the  amplifier  grids.  The  interstage  trans¬ 
former,  Ti,  has  a  center-tapped  secondary, 


with  a  secondary-to-primary  turus  ratio  of 
about  2  to  1.  An  output  transformer,  T<i,  with 
a  center-tapped  primary  must  be  used.  No  by¬ 
pass  condenser  is  needed  across  the  cathode  re¬ 
sistor,  R,  since  the  a.f.  current  does  not  flow 
through  the  resistor  as  it  does  in  single-tube 
circuits. 

•  CATHODE  CIRCUITS 

In  the  discussion  up  to  this  point  the  cathode 
circuit  details  have  not  been  shown  com- 
pletely,  since  they  tend  to  complicate  the  dia- 
grams.  With  indirectly-heated  tubes  it  is  cus- 
tomary  to  omit  heater  wiring,  as  in  the  dia- 


Fig.  408  —  Audio  power  output  amplifier  circuits. 
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grams  at  A  and  D  in  Fig.  409.  With  a.c.  heater 
supply,  the  circuits  at  B  and  E  are  generally 
used;  the  heater  wiring  is  twisted  so  that  the 
magnetic  fields  about  the  wires  cancel  as 
fully  as  possible,  which  prevents  a.c.  hum 
from  being  induced  in  the  other  wiring.  One 
side  of  the  heater  supply  may  be  grounded,  in- 
stead  of  the  transformer  center-tap;  both 
methods  give  satisfactory  results.  A  6-volt 
storage  battery  may  be  substituted  for  the 
transformer  for  battery  operation. 

In  C  and  F  are  shown  circuits  for  filament- 
type  tubes  which  are  equivalent  to  the  circuits 
for  indirectly-heated  tubes  in  the  same  rows. 
Note  that  in  F  a  bias  battery  of  the  correct  value 
is  substituted  for  the  cathode  resistor  used  with 
the  indirectly-heated  tubes,  since  the  cathode- 
drop  method  of  biasing  is  not  usually  feasible 
with  these  tubes.  The  same  “C”  battery  may 
be  used  for  the  entire  receiver,  provided  it  has 
taps  at  the  voltages  required  for  the  various 
tubes  used. 

In  all  the  circuits  shown  in  this  chapter, 
filament-type  tubes  may  replace  correspond- 
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Fig.  410  indicates,  in  “block”  form,  the  type 
of  receiver  which  for  many  years  was  the 
Standard  amateur  set.  It  consists  of  a  regener- 
ative  detector  followed  by  an  audio  amplifier. 


Fig.  410  —  A  simple  type  of  receiver. 

The  latter  may  have  either  one  or  two  stages, 
depending  upon  whether  or  not  loud-speaker 
operation  is  desired.  Any  of  the  regenerative 
detector  circuits  already  described  may  be 
combined  with  a  voltage  amplifier  to  form  a 
two-tube  set  for  headphone  operation,  and  a 
power  amplifier  may  be  added  for  operating  a 
speaker.  A  simple  receiver  of  this  type  is  quite 
effective  and  is  easy  and  cheap  to  build  but 
lacks  the  selectivity  and  stability  so  desirable 
in  amateur  operating.  A  typical  example  is 
given  in  Chapter  8. 


Fig.  409  —  Cathode  circuits  as  represented  in  circuit 
diagrams,  and  their  equivalents. 

ing  types  having  indirectly-heated  cathodes 
by  substituting  Fig.  409-C  for  A,  and  409-F 
for  D. 

•  SIMPLE  RECEIVERS 

In  the  circuits  already  described  will  be 
found  the  dements  of  a  complete  receiver  In 
fact,  a  detector  alone  will  suffice,  although  an 
audio  amplifier  ia  a  desirable  addition  since  it 
increases  the  strength  of  the  signals. 


•  RADIO-FREQUENCY 
AMPLIFIERS 

Radio-frequency  amplification  is 
used  to  increase  the  strength  of  the 
signal  and  to  pro  vide  selectivity  bef  ore 
detection.  Also,  the  signal-to-noise 
ratio  is  better  than  in  the  case  of  a  de¬ 
tector,  which  is  an  important  con- 
sideration  in  weak-signal  reception. 

R.F.  Amplifier  Circuits 
Although  there  are  variations  in 
detail,  practically  all  r.f.  amplifiers 
conform  to  the  basic  circuit  shown 
in  Fig.  411.  A  screen-grid  tube,  usually 
a  pentode,  is  invariably  used,  since 
a  triode  will  oscillate  when  its  grid 
and  plate  circuits  are  tuned  to  the 
same  frequency.  The  amplifier  oper- 
ates  Class  A,  without  grid  current. 
The  tuned  grid  circuit,  LjCi,  is 
coupled  through  L%  to  the  antenna 
(or,  in  some  cases,  to  a  preceding 
stage).  R\  and  C?  are  the  cathode  bias 
resistor  and  cathode  by-pass  con- 
denser,  C3  the  screen  by-pass  condenser,  and 
Ro  the  screen  dropping  resistor.  L3  is  the 
primary  of  the  output  transformer,  tightly 
coupled  to  Li  which,  with  C 5,  constitutes  the 
tuned  circuit  feeding  the  detector  or  a  following 
amplifier  tube.  L\C\  and  L4C5  are  both  tuned  to 
the  frequency  of  the  incoming  signal. 

Shielding 

The  screen-grid  construction  prevents  feed¬ 
back  frotn  plate  to  grid  inside  the  tube,  but  in 
addition  it  is  necessary  to  prevent  transfer  of 


CHAPTER  FOUR 


The  Radio  Amateur’s  Handbook 


Fig.  411 — The  circuit  of  a  tuned  radio-fre- 
quency  amplifier.  Circuit  values  are  discussed  in 
the  text. 


energy  from  the  plate  circuit  to  the  grid  cir¬ 
cuit  external  to  the  tube.  This  is  accomplished 
by  enclosing  the  coils  in  shielding  containers, 
and  by  keeping  the  plate  and  grid  leads  well 
separated.  With  “single-ended”  tubes  care  in 
laying  out  the  wiring  to  obtain  the  maximum 
possible  physical  separation  between  plate 
and  grid  leads  is  necessary  to  prevent  ca- 
pacity  coupling. 

The  shield  around  a  coil  will  reduce  the  Q  of 
the  coil  to  an  extent  which  depends  upon  the 
shielding  material  and  its  distance  from  the 
coil.  The  resistance  of  the  shield  material 
should  be  low;  copper  is  best,  but  aluminum  is 
satisfactory  if  there  is  reasonable  separation 
between  the  coil  and  shield.  The  shield  should 
be  at  least  a  coil  diameter  away  from  the  coil 
at  the  ends,  and  at  least  }4  the  coil  diameter 
from  the  sides  of  the  coil.  The  inductance  of 
the  coil  is  reduced  somewhat  by  the  presence 
of  the  shield;  the  closer  the  shield  the  greater 
the  reduction.  Adjustments  to  the  inductance 
therefore  must  be  made  with  the  shield  in 
place. 

By-Passing 

In  addition  to  shielding,  good  by-passing  is 
imperative.  This  is  not  simply  a  matter  of 
choosing  the  proper  type  and  capacity  of  by¬ 
pass  condenser.  Short  separate  leads  from  C 3  and 
C\  to  cathode  or  ground  are  a  prime  necessity, 
since  at  the  higher  radio  frequencies  even  an 
inch  or  two  of  wire  will  have  enough  induct¬ 
ance  to  provide  feedback  coupling,  and  hence 
cause  oscillation,  if  the  wire  happens  to  be 
common  to  both  the  plate  and  grid  circuits. 

Gain  Control 

The  gain  of  an  r.f.  amplifier  usually  is  varied 
by  varying  the  grid  bias.  This  method  is  ap- 
plicable  only  to  variable-^  type  tubes,  hence 
this  type  usually  is  found  in  r.f.  amplifiers. 
In  Fig.  411,  Ri  and  R 4  comprise  the  gain-con- 
trol  circuit.  R3  is  the  control  resistor  and  Ri 
a  dropping  resistor  of  such  value  as  to  make  the 
voltage  across  the  outside  terminals  of  R3  about 
50  volts.  The  gain  is  maximum  with  the  vari- 
able  arm  all  the  way  to  the  left  (grounded) 
on  R3  and  minimum  at  the  right.  R3  could  sim¬ 
ply  be  placed  in  series  with  R\,  omitting  K4  en- 
tirely,  but  the  range  of  control  is  limited  when 
this  connection  is  used. 


In  a  multi-tube  receiver,  the  gain  on  several 
stages  would  be  varied  simultaneously,  a  single 
control  sufficing  for  all.  In  such  a  case,  the 
lower  ends  of  the  several  cathode  resistors 
(R 1)  would  be  connected  together  and  to  the 
movable  contact  on  R3. 

Circuit  Values 

The  value  of  the  cathode  resistor,  R\,  should 
be  calculated  for  the  minimum  recommended 
bias  for  the  tube  used.  The  capacities  of  Ci, 
G 3  and  C4  must  be  such  that  the  reactance  is 
low  at  radio  frequencies;  this  condition  is 
easily  met  by  using  0.01-juf d.  condensers.  R2 
is  found  by  taking  the  difference  between  the 
recommended  plate  and  screen  voltages,  then 
substituting  this  and  the  rated  screen  current 
in  Ohm’s  Law.  R3  must  be  selected  on  the  basis 
of  the  number  of  tubes  to  be  controlled;  a  re¬ 
sistor  must  be  chosen  which  is  capable  of 
carrying,  at  its  low-resistance  end,  the  sum  of 
all  the  tube  currents  plus  the  bleeder  current. 
A  resistor  of  suitable  current-carrying  capacity 
being  found,  the  bleeder  current  necessary  to 
produce  a  drop  through  it  of  about  50  volts 
can  be  calculated  by  Ohm’s  Law.  The  same 
formula  will  give  f£4,  using  the  plate  voltage 
less  50  volts  for  E  and  the  bleeder  current  just 
found  for  I. 

The  constants  of  the  tuned  circuits  will  de- 
pend  upon  the  frequency  range,  or  band,  being 
covered.  A  fairly  high  L/C  ratio  should  be 
used  on  each  band;  this  is  limited,  ho wever,  by 
the  irreducible  minimum  capacities.  An  allow- 
ance  of  10  to  20  jujifd.  must  be  made  for  tube 
and  stray  capacity  (the  input  and  output  ca¬ 
pacities  of  r.f.  tubes  are  given  in  the  tube 
tables) ;  the  minimum  capacity  of  the  tuning 
condenser  also  must  be  added. 

If  the  input  circuit  of  the  amplifier  is  con¬ 
nected  to  an  antenna,  the  coupling  coil  L 2 
should  be  adjusted  to  provide  an  impedance 
match  between  the  antenna  and  grid  circuit. 
This  will  give  maximum  energy  transfer.  The 
turns  ratio  L1/L2  will  depend  upon  the  fre¬ 
quency,  the  type  of  tube  used,  the  Q  of  the 
tuned  circuit,  and  the  antenna  system,  and  in 
general  is  best  determined  experimentally. 
The  selectivity  will  increase  as  the  coupling  is 
reduced  below  this  “optimum”  value,  a  con- 
sideration  which  it  is  well  to  keep  in  mind  if 
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selectivity  is  of  more  importance  than  maxi¬ 
mum  gain. 

The  output  circuit  coupling  depends  upon 
the  output  resistance  of  the  tube,  the  input 
resistance  of  the  succeeding  stage,  and  the  Q 
of  the  tuned  circuit  LiCz-  Lz  is  usually  coupled 
as  closely  as  possible  to  Li  (this  avoids  the 
necessity  for  an  additional  tuning  condenser 
across  Lz)  and  the  energy  transfer  is  about 
maximum  when  Lz  has  %  to  %  as  many  turns 
as  Li,  with  ordinary  receiving  screen-grid 
pentodes. 

Ganged  Tuning 

The  tuning  condensers  of  the  several  r.f. 
circuits  may  be  coupled  together  mechanically 
and  operated  by  a  single  control.  This  oper- 
ating  convenience  involves  more  complicated 
construction,  both  electrically  and  mechan¬ 
ically.  It  becomes  necessary  to  make  the 
various  circuits  track  —  that  is,  at  each  set¬ 
ting  of  the  tuning  control  all  circuits  must  tune 
to  the  same  frequency. 

True  tracking  can  be  obtained  only  when  the 
inductance,  minimum  capacity  and  maximum 
capacity  are  identical  in  all  “ganged”  stages. 
This  can  be  done  by  using  identical  tuning  con¬ 
densers  and  matching  the  coil  inductances.  A 
small  trimmer  or  padding  condenser  is  con- 
nected  across  the  coil  so  that  variations  in 
minimum  capacity  can  be  compensated.  The 
fundamental  circuit  is  shown  in  Fig.  412, 
where  C\  is  the  trimmer  and  Cz  the  tuning 
condenser.  The  use  of  the  trimmer  further  in- 
creases  the  minimum  circuit  capacity,  but  is  a 
necessity  for  satisfactory  tracking.  Condensers 
having  maximum  capacities  of  15  to  25  g/x fd. 
generally  are  used  for  the  purpose. 

The  same  methods  are  applied  to  band- 
spread  circuits  which  must  be  tracked.  The 
circuits  are  identical  with  those  of  Fig.  406, 
although  if  both  general-coverage  and  band- 
spread  tuning  are  to  be  available,  an  addi¬ 
tional  trimmer  condenser  must  be  connected 
across  the  coil  in  each  circuit  shown.  If  only 
amateur-band  tuning  is  desired,  however, 
then  Cz  in  Fig.  406-B,  and  C%  in  Fig.  406-C 
serve  as  trimmers.  Fig.  406-A  is  not  particu- 
larly  recommended  for  purely  amateur-band 
receivers. 

The  coil  inductance  can  be  adjusted  by 
starting  with  a  larger  number  of  turns  than 
necessary,  then  removing  a  turn  or  fraction  of 
a  turn  at  a  time  until  the  circuits  track  satis- 
factorily.  An  alternative  method  of  adjusting 

Fig.  412 — Sbowing  the 
use  of  a  trimmer  condenser 
across  the  tuned  circuit  to 
set  the  minimum  circuit 
capacity  for  ganged  tun¬ 
ing. 
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inductance,  providing  it  is  reasonably  close  to 
the  correct  value  initially,  is  to  make  the  coil 
so  that  the  last  turn  is  variable  with  respect  to 
the  whole  coil,  or  to  use  a  single  short-cir- 
cuited  turn  the  position  of  which  can  be 
varied  with  respect  to  the  coil.  These  methods 
are  shown  in  Fig.  413. 

Tube  and  Circuit  Noise 
In  any  conductor  electrons  will  be  moving 
in  random  directions  simultaneously  and,  as  a 
result,  small  irregular  voltages  are  developed 
across  the  conductor  terminals.  The  voltage 
is  larger  the  greater  the  resistance  of  the  con¬ 
ductor  and  the  higher  its  temperature.  This  is 
known  as  the  thermal  agitation  effect,  and 


Fig.  413  ■ —  Methods  of  adjusting  inductance  for 
ganging.  The  half  turn  in  A  can  be  moved  so  that  its 
magnetic  field  either  aids  or  opposes  the  field  of  the  coil. 
The  shorted  loop  in  B  is  not  connected  to  the  coil,  but 
operates  by  induetion.  It  will  have  no  effect  on  tbe  coil 
inductance  when  the  plane  of  the  loop  ia  parallel  to  the 
axis  of  the  coil,  and  will  give  maximum  reduction  of  the 
coil  inductance  when  perpendicular  to  the  coil  axis. 

it  produces  a  hiss-like  noise  voltage  distrib- 
uted  uniformly  throughout  the  radio-fre- 
quency  spectrum.  The  thermal  agitation  noise 
voltage  appearing  across  the  terminals  of  a 
tuned  circuit  will  be  the  same  as  in  a  resistor 
of  a  value  equal  to  the  impedance  of  the  tuned 
circuit,  even  though  the  actual  circuit  resist¬ 
ance  is  low.  Hence  the  higher  the  Q  of  the  cir¬ 
cuit  the  greater  the  thermal  agitation  noise. 

Another  component  of  hiss  noise  is  devel¬ 
oped  in  the  tube,  because  the  rain  of  electrons 
on  the  plate  is  not  entirely  uniform.  Small  ir- 
regularities  caused  by  gas  in  the  tube  also 
contribute  to  the  effect.  Tube  noise  varies 
with  the  type  of  tube,  and  is  proportional  in  a 
general  way  to  the  inverse  ratio  of  the  mutual 
conductance  of  the  tube  to  the  square  root  of 
the  plate  current. 

To  obtain  the  best  signal-to-noise  ratio,  the 
signal  must  be  made  as  large  as  possible  at  the 
grid  of  the  tube,  which  means  that  the  antenna 
coupling  must  be  adjusted  to  that  end,  and 
also  that  the  Q  of  the  grid  tuned  circuit  must 
be  high.  A  tube  with  low  inherent  noise  obvi- 
ously  should  be  chosen.  In  an  amplifier  having 
good  signal-to-noise  ratio  the  thermal  agita- 
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tion  noise  will  be  greater  than  the  tube  noise. 
This  can  easily  be  checked  by  grounding  the 
grid  through  a  0.01-pfd.  condenser  and  observ- 
ing  whether  there  is  a  decrease  in  noise.  If 
there  is  no  change,  the  tube  noise  is  greatly 
predominant,  indicating  a  poor  signal-to- 
noise  ratio  in  the  stage.  The  test  is  valid  only 
if  there  is  no  regeneration  in  the  amplifier. 
The  signal-to-noise  ratio  will  decrease  as  the 
frequency  is  raised  because  it  becomes  in- 
creasingly  difficult  to  obtain  a  high-Q  tuned 
circuit. 

The  first  stage  of  the  receiver  is  the  impor¬ 
tant  one  from  the  signal-to-noise  ratio  stand- 
point.  Noise  generated  in  the  second  and  sub- 
sequent  stages,  while  comparable  in  magnitude 
to  that  generated  in  the  first,  is  masked  by  the 
amplified  noise  and  signal  from  the  first  stage. 
After  the  second  stage,  further  contributions 
by  tubes  and  circuits  to  the  total  noise  are  in- 
consequential  in  any  normal  receiver. 

Circuit  Loading 

At  high  frequencies  the  tube  may  consume 
power  from  the  tuned  grid  circuit  even  though 
the  grid  is  not  driven  positive  by  the  signal. 
Above  7  Mc.  all  tubes  load  the  tuned  circuit 
to  an  extent  which  depends  upon  the  type  of 
tube.  This  effect  comes  about  because  the  time 
necessary  for  electrons  to  travel  from  the 
cathode  to  the  grid  becomes  comparable  to 
the  time  of  one  r.f.  cycle,  and  because  of  an 
inductive  effect  of  the  cathode  lead.  The  tube 
input  circuit  resistance  may  be  as  low  as  a  few 
thousand  ohms  at  28  Mc.,  with  certain  tubes. 

This  input  loading  effect  is  in  addition  to 
the  normal  decrease  in  the  Q  of  the  circuit 
alone  at  the  higher  frequencies  because  of  in- 
creased  losses  in  the  coil  and  condenser.  Thus 
the  selectivity  and  gain  of  the  circuit  are  both 
adversely  affected. 

Comparison  of  Tubes  for  the 
R.F.  Amplifier 

At  7  Mc.  and  Iower  frequencies,  the  signal- 
to-noise  ratio,  gain  and  selectivity  of  an  r.f. 
amplifier  stage  are  sufficiently  high  with  any 
of  the  Standard  receiving  tubes.  At  14  Mc. 
and  higher,  however,  this  is  no  longer  true, 
and  the  choice  of  a  tube  must  be  based  on  sev- 
eral  conflicting  considerations. 

Gain  is  highest  with  high  mutual-conduct- 
ance  pentodes,  the  1851  and  1852  being  ex- 
amples  of  this  type.  These  tubes  also  develop 
less  noise  than  any  of  the  others.  The  input- 


loading  effect  is  greatest  with  thern,  however, 

80  that  selectivity  is  decreased  and  the  tuned- 
circuit  gain  is  lowered. 

Pentodes  such  as  the  6K7,  6J7  and  corre- 
sponding  types  in  glass  have  lesser  input- 
loading  effects  at  high  frequencies,  moderate 
gain,  and  relatively-high  inherent  noise. 

The  “acorn”  pentodes,  954  and  956,  are  ex¬ 
cellent  from  the  input-loading  standpoint, 
the  gain  is  about  the  same  as  with  the  Stand¬ 
ard  types,  and  the  inherent  noise  is  somewhat 
Iower.  They  are  rather  difficult  to  handle  me- 
chanically,  however,  and  are  not  as  rugged 
electrically  as  the  larger  tubes. 

Where  selectivity  is  paramount,  the  acorns 
are  best,  Standard  pentodes  second,  and  the 
1851-52  types  last.  On  signal-to-noise  ratio 
the  1851-52  tubes  are  first,  acorns  second,  and 
Standard  pentodes  third.  The  same  order 
holds  for  overall  gain. 

Receivers  with  R.F.  Amplification 

A  stage  of  radio-frequency  amplification 
may  be  added  to  a  receiver  having  a  regener- 
ative  detector  to  form  what  is  popularly  called 
a  tuned  r.f.  receiver.  It  is  shown  in  block 
diagram  form  in  Fig.  414.  The  amplifier  cir¬ 
cuit  of  Fig.  411  is  installed  ahead  of  any  of  the 
detector  circuits  of  Fig.  405,  with  L4C5  in  Fig. 
411  becoming  the  tuned  grid  circuit  of  the  de¬ 
tector.  The  methods  of  ganging  and  band- 
spreading  already  described  may  be  applied 
to  the  tuned  circuits. 

Although  antenna  loading  effects  are  over- 
come  by  using  an  r.f.  amplifier  stage  bef  ore 
the  regenerative  detector,  the  other  disad- 
vantages  of  this  type  of  detector  remain.  The 
added  selectivity  of  the  r.f.  stage  is  not  of 
much  help  except  in  partially  tuning  out  strong 
Iocal  signals  on  frequencies  considerably  dif¬ 
ferent  from  that  of  the  desired  signal.  The  r.f. 
stage  increases  the  tendency  of  the  detector  to 
block,  since  blocking  is  worse  the  greater  the 
signal  strength.  The  selectivity  becomes  in- 
creasingly  poorer  as  the  frequency  is  raised, 
and  is  not  high  enough  even  at  the  Iower  fre¬ 
quencies  to  meet  present-day  conditions.  For 
these  reasons,  plus  the  fact  that  greater  overall 
gain  is  obtainable,  regenerative  receivers  have 
largely  been  superseded  by  the  superhetero- 
dyne  receiver. 

•  THE  SUPERHETERODYNE 

In  the  superheterodyne,  or  superhet,  re¬ 
ceiver  the  frequency  of  the  incoming  signal  is 


Fig.  414  —  Block  diagram  of  a  receiver 
with  tuned  radio-frequency  amplification 
preceding  a  regenerative  detector  and  audio 
amplifier. 
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changed  to  a  new  radio  frequency,  the  inter- 
mediate  frequency  (i.f.),  then  amplified,  and 
finally  detected.  The  frequency  is  changed  by 
means  of  the  heterodyne  process,  the  output  of 
an  adjustable  local  oscillator  (h.f.  oscillator) 
being  combined  with  the  incoming  signal  in  a 
mixer  or  converter  stage  (first  detector)  to 
produce  a  beat  frequency  equal  to  the  i.f.  Fig. 
415  gives  the  essentials  of  the  superhet  in 
block  form.  The  process  of  detection  and  audio 
amplification  is  similar  to  that  already  de- 
scribed.  C.w.  signals  are  made  audible  by 
heterodyning  the  signal  at  the  second  detector 
by  an  oscillator  (the  beat  oscillator)  set  to 
differ  from  the  i.f.  by  a  suitable  audio  fre¬ 
quency. 

A  numerical  example  will  help  make  the  op- 
eration  of  the  receiver  clearer.  Assume  that  an 
intermediate  frequency  of  455  kc.  is  chosen, 
and  that  the  incoming  signal  is  on  7000  kc. 
Then  the  h.f.  oscillator  frequency  may  be  set 
to  7455  kc.  in  order  that  the  beat  frequency 
(7455  minus  7000)  will  be  455  kc.  The  h.f.  os¬ 
cillator  also  could  be  set  to  6545  kc.,  which  will 
give  the  same  frequency  difference.  To  produce 
an  audible  c.w.  signal  of  say  1000  cycles  at  the 
second  detector,  the  beat  oscillator  would  be 
set  either  to  454  kc.  or  456  kc. 

The  frequency-conversion  process  permits 
r.f.  amplification  at  a  relatively-low  frequency 
where  high  selectivity  can  be  obtained,  and 
this  selectivity  is  constant  regardless  of  the 
signal  frequency.  Higher  gain  is  also  possible 
at  the  low  frequencies  used  for  intermediate 
amplification.  The  separate  oscillators  can  be 
designed  for  stability,  and  since  the  h.f.  os¬ 
cillator  is  working  at  a  frequency  considerably 
removed  from  the  signal  frequency  its  stabil¬ 
ity  is  practically  unaffected  by  the  strength  of 
the  incoming  signal. 

Images 

Each  h.f.  oscillator  frequency  will  cause  i.f. 
response  at  two  signal  frequencies,  one  higher 
and  one  lower  than  the  oscillator  frequency.  If 
the  oscillator  is  set  to  7455  kc.  to  respond  to  a 
7000-kc.  signal,  for  example,  it  will  also  re¬ 
spond  to  a  signal  on  7910  kc.,  which  likewise 
gives  a  455-kc.  beat.  The  undesired  signal  of 
the  two  is  called  the  image.  When  the  r.f. 
circuit  is  tuned  to  the  desired  signal  frequency, 


and  desired-signal  and  image  voltages  of  equal 
magnitude  are  alternately  applied  to  the  cir¬ 
cuit,  the  ratio  of  desired-signal  to  image  i.f. 
output  is  called  the  signal-to-image  ratio,  or 
image  ratio  for  short. 

The  image  ratio  depends  upon  the  selectiv¬ 
ity  of  the  r.f.  circuits  preceding  the  mixer. 
Also,  the  higher  the  intermediate  frequency 
the  higher  the  image  ratio,  since  raising  the 
i.f.  increases  the  frequency  separation  between 
signal  and  image  and  thus  places  the  latter 
farther  away  from  the  peak  of  the  resonance 
curve  of  the  signal-frequency  circuits. 

•  FREQUENCY  CONVERSION 

The  first  detector  or  mixer  resembles  an  or- 
dinary  detector  of  the  types  already  described. 
A  circuit  tuned  to  the  intermediate  frequency 
is  placed  in  the  plate  circuit  of  the  mixer  so  that 
the  highest  possible  i.f.  voltage  will  be  devel- 
oped.  The  signal-  and  oscillator-frequency 
voltages  appearing  in  the  plate  circuit  are  by- 
passed  to  ground  since  they  are  not  wanted  in 
the  output.  The  i.f.  tuned  circuit  should  have 
low  impedance  for  these  frequencies,  a  condi- 
tion  easily  met  if  they  do  not  approach  the 
intermediate-frequency. 

The  important  characteristics  of  a  mixer 
are  its  conversion  efficiency,  and  pulling 
effect  on  the  oscillator  frequency.  The  effi¬ 
ciency  of  the  mixer  is  measured  by  the  ratio 
of  i.f.  output  voltage  from  the  plate  circuit  to 
r.f.  signal  voltage  applied  to  the  grid.  High 
conversion  efficiency  is  obviously  desirable. 
The  mixer  tube  noise  also  should  be  low  if  a 
good  signal-to-noise  ratio  is  wanted,  particu- 
larly  if  the  mixer  is  the  first  tube  in  the  receiver. 

The  mixer  should  not  require  too  much  r.f. 
power  from  the  h.f.  oscillator,  since  it  may  be 
difficult  to  supply  the  power  and  maintain 
good  oscillator  stability,  especially  at  the 
higher  frequencies  (14  and  28  Mc.).  Also,  the 
conversion  efficiency  should  not  depend  too 
critically  on  the  oscillator  voltage  (that  is,  a 
small  change  in  oscillator  output  should  not 
change  the  gain  appreciably)  since  it  is  diffi¬ 
cult  to  maintain  constant  oscillator  output 
over  a  wide  frequency  range. 

Pulling  is  a  change  in  oscillator  frequency 
caused  by  tuning  of  the  mixer  grid  circuit.  If 
the  two  circuits  could  be  completely  isolated, 


Fig.  415  —  The  basic  superhetero- 
dyne  arrangement. 
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mixer  timing  would  have  no  effect  on  the  os- 
cillator  frequency,  but  in  practice  this  is  a 
difficult  condition  to  attain.  Pulling  is  a  source 
of  oscillator  instability  and  should  be  mini- 
mized,  because  the  stability  of  the  whole  re- 
ceiver  depends  critically  upon  the  stability 
of  the  h.f.  oscillator.  The  pulling  effect  de- 
creases  with  the  separation  between  the  signal 
and  h.f.  oscillator  frequencies,  hence  is  less 
with  high  intermediate  frequencies  and  greater 
with  low  i.f.’s. 


Mixing  Methods 

Typical  frequency-conversion  circuits  are 
given  in  Fig.  416.  The  variations  are  chiefly 
in  the  way  in  which  the  oscillator  voltage  is 
introduced,  and  other  methods  than  those 
shown  are  possible.  In  416-A,  the  screen-grid 
tube  functions  as  a  plate  detector;  the  os¬ 
cillator  voltage  is  capacity-coupled  to  the  grid 
of  the  tube  in  parallel  with  the  tuned  input 
circuit.  Inductive  coupling  may  be  used  in- 
stead.  The  conversion  gain  and  input  selectiv- 
ity  are  generally  good  so  long  as  the  sum  of  the 
two  voltages  (r.f.  and  oscillator)  impressed  on 
the  grid  does  not  exceed  the  grid  bias.  It  is  de- 
sirable  to  make  the  oscillator  voltage  as  high 
as  possible  without  exceeding  this  limitation. 
The  oscillator  voltage  required  is  small  and 
the  power  negligible. 

A  pentagrid-converter  tube  is  used  in  the 


S7.6C6.6J7,  etc. 


2A7,6A7,6A8.6K8,etc. 


Fig.  416  —  Mixer  or  Converter  Circuits.  A,  grid  in- 
jection;  B  and  C,  separate  injection  circuits  for  converter 
tubes.  If  an  1851  or  1852  is  used  in  circuit  A,  the  cathode 
resistor  should  be  changed  from  300  to  500  ohms. 
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circuit  at  B.  Although  intended  for  coiubina- 
tion  oscillator-mixer  use,  this  type  of  tube 
usually  will  give  more  satisfaetory  performance 
when  used  in  conjunction  with  a  separate  os¬ 
cillator,  the  output  of  which  is  coupled  in  as 
shown.  The  circuit  gives  good  conversion 
efficiency,  and  because  of  the  electron  coupling 
gives  desirable  isolation  between  the  mixer 
and  oscillator  circuits.  A  small  amount  of 
power  is  required  from  the  oscillator. 

In  circuit  C,  using  the  6L7  mixer  tube,  the 
value  of  oscillator  voltage  can  vary  over  a 
considerable  range  without  affecting  the  con¬ 
version  gain.  There  are  no  critical  adjustments 
and  the  oscillator-mixer  isolation  is  good.  The 
oscillator  must  supply  somewhat  more  power 
than  in  B. 

A  more  stable  receiver  generally  results, 
particularly  at  the  higher  frequencies,  when 
separate  tubes  are  used  for  the  mixer  and 
oscillator.  The  same  number  of  circuit  com- 
ponents  is  required  whether  or  not  a  combi- 
nation  tube  is  used,  so  that  there  is  little 
difference  from  the  cost  standpoint. 

Tubes  for  Frequency  Conversion 

For  Fig.  416-A  a  sharp  cut-off  pentode  is 
preferred.  The  1851  or  1852  give  very  high 
conversion  gain  and  an  excellent  signal-to- 
noise  ratio  — -  comparable,  in  fact,  to  the  gain 
and  signal-to-noise  ratio  obtainable  with  r.f. 
amplifiers,  and  in  these  respects  far  superior 
to  any  other  tubes  used  as  mixers.  This  type 
of  tube  loads  the  circuit  more,  however,  and 
thus  decreases  the  selectivity. 

The  6K8  is  a  good  tube  for  the  circuit  at 
B;  its  oscillator  plate  connection  may  be  ig- 
nored.  The  6SA7  is  excellent  in  this  circuit,  al¬ 
though  its  grid  arrangement  differs  slightly 
from  that  shown.  The  6K8  is  the  best  tube  for 
use  as  a  combination  mixer-oscillator. 

The  6L7  is  the  only  tube  of  its  type,  and 
hence  the  only  one  suitable  for  circuit  C. 

•  THE  HIGH-FREQUENCY  OSCILLATOR 

Stability  of  the  receiver  is  chiefly  dependent 
upon  the  stability  of  the  h.f.  oscillator,  and  par- 
ticular  care  should  be  given  this  part  of  the  re¬ 
ceiver.  The  frequency  of  oscillation  should  be 
insensitive  to  changes  in  voltage,  loading,  and 
mechanical  shock.  Thermal  effects  (slow 
change  in  frequency  because  of  tube  or  circuit 
heating)  should  be  minimized.  These  ends  can 
be  attained  by  the  use  of  good  insulating  ma- 
terials  and  good-quality  circuit  components, 
by  suitable  electrical  design,  and  by  careful 
mechanical  construction. 

In  addition,  the  oscillator  must  be  capable 
of  furnishing  sufficiënt  r.f.  voltage  and  power  to 
the  particular  mixer  circuit  chosen,  at  all  fre¬ 
quencies  within  the  range  of  the  receiver,  and 
its  harmonie  output  should  be  as  low  as  pos- 


sible.  When  harmonies  are  present,  they  may 
mix  with  incoming  signals  of  frequencies  far 
removed  from  the  desired  frequency,  to  pro- 
duce  spurious  signals  at  intermediate  fre¬ 
quency. 

Design  Considerations 

No  matter  what  the  circuit  chosen,  it  is 
desirable  to  make  the  L/C  ratio  in  the  oscil- 
lator  tuned  circuit  as  low  as  possible  (high-C) 
since  this  results  in  inereased  stability  in  al- 
most  every  respect.  It  is  not  hard  to  do  this  in 
amateur-band  receivers,  since  there  is  consid- 
erably  greater  freedom  in  design  than  in  the 
case  of  receivers  intended  for  continuous  cov- 
erage. 

Particular  care  should  be  taken  to  insure 
that  no  part  of  the  oscillator  circuit  will  vi- 
brate  mechanically.  This  calls  for  short  leads 
and  very  “solid”  mechanical  construction. 
The  chassis  and  panel  material  should  be 
heavy  and  rigid  enough  so  that  pressure  on  the 
tuning  dial  will  not  cause  torsion  and  a  shift 
in  the  frequency.  Care  in  mechanical  construc¬ 
tion  is  well  repaid  by  inereased  frequency  sta¬ 
bility. 


Oscillator  Circuits 

Several  oscillator  circuits  are  shown  in  Fig. 
417.  The  point  at  which  output  voltage  is 
taken  for  the  mixer  is  indicated  by  the  “X”  or 
“Y”  in  each  case.  A  and  B  will  give  about  the 
aame  results,  and  require  only  one  coil.  How- 
ever,  in  these  two  circuits  the  cathode  is  above 
ground  potential  for  r.f.,  which  often  is  a 
cause  of  hum  modulation  of  the  oscillator  out¬ 
put  at  14  and  28  Mc.  when  6.3-volt  heater 
tubes  are  used.  Hum  is  usually  not  bothersome 
with  2.5-volt  tubes,  nor,  of  course,  with  tubes 
which  are  heated  by  direct  current.  The 
equivalent  circuits  for  filament-type  tubes  can 
easily  be  drawn  with  the  help  of  Fig.  409.  The 
circuit  of  417-C  overcomes  hum  with  6.3-volt 
tubes,  but  requires  two  coils.  This  is  advan- 
tageous  in  construction,  however,  because  it 
makes  the  feedback  adjustment  simpler  me¬ 
chanically. 

Besides  the  use  of  a  fairly  high  C/L  ratio  in 
the  tuned  circuit,  it  is  necessary  to  adjust  the 
feedback  to  obtain  optimum  results.  Too  much 
feedback  will  cause  the  oscillator  to  “squeg,” 
or  operate  at  several  frequencies  simultane- 
ously;  too  little  feedback  will  cause  the  output 
to  be  low.  In  the  tapped-coil  circuits  (A,  B ) 
the  feedback  is  inereased  by  moving  the  tap 
toward  the  grid  end  of  the  coil;  in  C,  by  in- 
creasing  the  number  of  turns  on  Li  or  by  mov¬ 
ing  Lz  closer  to  L\. 

The  oscillator  plate  voltage  should  be  as  low 
as  is  consistent  with  adequate  output.  Low 
plate  voltage  will  reduce  tube  heating  and 
thereby  reduce  frequency  drift.  In  all  circuits 
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Fig .  417  —  High -fre¬ 
quency  oscillator  cir¬ 
cuits.  An  Bcreen-grid 
groundcd-plate  oscilla¬ 
tor;  jB,  triode  grounded- 
pla  te  oscillator;  C,  triode, 
tickler  circuit.  Coupling 
to  mixer  may  be  taken 
from  points  X  and  Y. 
In  A  and  B ,  coupling 
from  Y  will  reduce  pull- 
ing  effects,  but  gives 
leas  voltage  than  from 
X;  it  is  therefore  best 
adapted  to  those  mixer 
circuits  with  email  oa- 
cilla  tor- volta  ge  require- 
ments. 
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it  is  essential  that  the  oscillator  be  shielded 
from  the  mixer.  Coupling  other  than  by  the 
means  intended,  especially  between  the  tuned 
circuits,  will  result  in  pulling. 

Tracking 

For  ganged  tuning,  the  oscillator  tuning 
must  track  with  the  mixer  tuning.  In  this 
case  the  problem  is  to  maintain  a  constant 
difference  in  frequency  (i.f.)  between  the  two 
circuits. 

Tracking  methods  for  covering  a  wide 
frequency  range,  suitable  for  general-coverage 
receivers,  are  shown  in  Fig.  418.  The  track¬ 
ing  capacity  Cj  commonly  consists  of  two 
condensers  in  parallel,  a  fixed  one  of  some- 
what  less  capacity  than  the  value  needed 
and  a  smaller  variable  in  parallel  to  allow  for 
adjustment  to  the  exact  proper  value.  In  prac- 
tice,  the  trimmer  C4  is  first  set  for  the  high- 
frequency  end  of  the  tuning  range  and  then 
the  tracking  condenser  is  set  for  the  low- 
frequency  end.  The  tracking  capacity  becomes 
larger  as  the  ratio  of  the  oscillator  to  signal 
frequency  becomes  nearer  to  unity  (that  is, 
as  the  tuning  frequency  becomes  higher). 
Typical  circuit  values  are  given  in  the  accom- 
panying  table. 

In  amateur-band  receivers  tracking  is  sim- 
plified  by  choosing  a  band-spread  circuit 
which  gives  practically  straight-line-frequency 
tuning  (equal  frequency  change  for  each  dial 
di vision)  and  then  adjusting  the  two  circuits 
so  that  both  cover  the  same  total  number  of 
kilocycles.  For  example,  if  the  i.f.  is  455  kc.  and 
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Fig.  418  — •  Converter  circuit  tracking  methods.  Ap- 
proximate  circuit  valucs  for  450-  to  465 -kc.  intermedi- 
ates  with  tuning  ranges  of  approximately  2.15-to-l, 
Ci  and  C2  having  a  maximum  of  140  fx/xid.  and  the  total 
minimum  capacitance,  including  C3  or  C4,  being  30  to 
35  /t/xfd. 


Tuning  Range 

Li 

u 

C5 

1.7- 4  Mc. 

3 .7- 7. 5  Mc. 
7-15  Mc. 
14-30  Mc. 

50  !X h. 

14  Mh. 
3.5 

0.8  Mh. 

40  jih. 

12.2  Mh. 

8  Mh. 

0.78  Mh. 

0.0013  Mfd. 
0.0022  Mfd. 
0.0045  /xfd. 
None  used 

Approximate  values  for  450-  to  465 -kc.  i.f.  with  a 
2.5-to-l  tuning  range,  Ci  and  C2  being  350-/*/xfd. 
maximum,  minimum  capacitance  including  C3  and 
C4  being  40  to  50  fiptfd. 


Tuning  Range 

Li 

L3 

Cs 

0.5-1.5  Mc. 
1.5-4  Mc. 
4-10  Mc. 
10-25  Mc. 

240 

32  „h. 

4.5  Mh. 

0.8  nh. 

130  m h. 

25  ixh. 

4  (jh. 

0.75  „h. 

425 

0.00115  Mfd. 
0.0028  Mfd. 
None  uBed 

the  mixer  circuit  tunes  from  7000  to  7300  kc. 
between  two  given  points  on  the  dial,  then  the 
oscillator  must  tune  from  7455  to  7755  kc.  be¬ 
tween  the  same  two  dial  readings.  With  the 
band-spread  arrangement  of  Fig.  406-C  the 
tuning  will  be  practically  straight-line  fre- 


quency;  the  same  is  true  of  406- A  if  Ci  is  small 

compared  to  C 2. 

•  INTERMEDIATE-FREQUENCY 

AMPLIFIER 

The  selection  of  an  intermediate  frequency 
is  a  compromise  between  various  conflicting 
factors.  The  lower  the  i.f.,  the  higher  the  selec- 
tivity  and  gain,  but  a  low  i.f.  brings  the  image 
nearer  the  desired signal  and  hence  decreases  the 
image  ratio.  A  low  i.f.  also  increases  pulling  of 
the  oscillator  frequency.  On  the  other  hand,  a 
high  i.f.  is  beneficial  to  both  image  ratio  and 
pulling,  but  theselectivity  and  gain  arelowered. 
The  difference  in  gain  is  least  important. 

An  i.f.  of  the  order  of  455  kc.  gives  good  se- 
lectivity  and  is  satisfactory  from  the  stand- 
point  of  image  ratio  and  oscillator  pulling  at 
frequencies  up  to  7  Mc.  The  image  ratio  is 
poor  at  14  Mc.  when  the  mixer  is  connected 
to  the  antenna,  but  adequate  when  there  is  a 
tuned  r.f.  amplifier  between  antenna  and 
mixer.  At  28  Mc.,  the  image  ratio  is  very  poor 
unless  several  r.f.  stages  are  used.  At  both  14 
and  28  Mc.  pulling  is  likely  to  be  bad  unless 
very  loose  coupling  can  be  used  between 
mixer  and  oscillator. 

By  going  to  an  i.f.  of  about  1600  kc.,  satis¬ 
factory  image  ratios  can  be  secured  on  14  and 
28  Mc.,  and  pulling  can  be  reduced  to  negligi- 
ble  proportions.  However,  the  i.f.  selectivity 
is  considerably  lower,  so  that  more  tuned  cir¬ 
cuits  must  be  used  to  increase  the  selectivity. 

In  choosing  an  i.f.  it  is  wise  to  avoid  fre¬ 
quencies  on  which  there  is  considerable  activ- 
ity  by  the  various  radio  services,  since  such 
signals  may  be  picked  up  directly  on  the  i.f. 
wiring.  The  two  frequencies  mentioned  are 
fairly  free  of  such  interference. 

I.F.  Transformers 

The  tuned  circuits  of  i.f.  amplifiers  are  built 
up  as  transformers,  consisting  of  a  shielding 
container  in  which  the  coils  and  condensers 
are  mounted.  Both  air-core  and  powdered- 
iron-core  universal-wound  coils  are  used,  the 
latter  having  somewhat  higher  Q’s  and,  hence, 
greater  selectivity  and  gain  per  unit. 

Variable  tuning  condensers  are  of  the  midget 
type,  air-dielectric  condensers  being  preferable 
because  their  capacity  is  practically  unaffected 
by  changes  in  temperature.  Iron-core  trans¬ 
formers  may  be  tuned  by  varying  the  in- 
ductance  (permeability  tuning)  in  which  case 
stability  comparable  to  that  of  variable  air- 
condenser  tuning  can  be  obtained  by  use  of 
high-stability  fixed  mica  condensers.  Such  sta¬ 
bility  is  of  great  importance  in  highly  selective 
i.f.  amplifiers. 

Intermediate-frequency  amplifiers  usually 
consist  of  one  or  two  stages.  With  modern 
tubes  and  transformers,  two  stages  at  455 
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ko.  will  give  all  the  gain  usable, 
considering  the  noise  level.  If  re- 
generation  is  introduced  into  the 
i.f.  amplifier  a  single  stage  will 
give  enough  gain  for  all  practical 
purposes. 

Typical  circuit  arrangements 
for  three  types  of  transformers 
are  shown  in  Fig.  419.  Alterna- 
tive  methods  of  gain-control 
biasing,  by-passing  and  decou- 
pling  are  indicated.  The  method 
of  returning  all  by-passes  to  the 
cathode  shown  in  C  is  recom- 
mended.  Where  two  such  stages 
are  used  there  will  be  a  tendency 
to  instability  and  oscillation  be- 
cause  of  the  high  gain,  and 
careful  circuit  arrangement  is 
necessary. 

Tubes  for  I.F.  Amplifiers 

Variable-ji  pentodes  arealmost 
invariably  used  in  i.f.  amplifier 
stages,  since  grid-bias  gain  con- 
trol  is  practically  always  applied 
to  the  i.f.  amplifier.  Tubes  with 
high  plate  resistance  will  have 
least  effect  on  the  selectivity  of 
the  amplifier,  andthose  with  high 
mutual  eonductance  will  give 
greatest  gain.  The  choice  of  i.f. 
tubes  will  have  practically  no 
effect  on  the  signal-to-noise  ratio, 
since  this  will  have  been  deter- 
mined  by  the  preceding  mixer 
and  r.f.  amplifier  (if  used). 

If  single-ended  tubes  are  used,  care  should 
be  taken  to  keep  the  plate  and  grid  leads  well 
separated.  With  these  tubes  it  is  advisable  to 
mount  the  screen  by-pass  condenser  directly 
across  the  socket  between  the  plate  and  grid 
pins  to  provide  additional  shielding,  making 
sure  that  the  outside  foil  of  the  condenser  is 
connected  to  ground. 

The  Second  Detector 

The  second  detector  of  a  superhet  receiver 
performs  the  same  function  as  the  detector  in 
the  simple  receiver,  but  usually  operates  at  a 
higher  input  level  because  of  the  relatively 
great  r.f.  amplification.  Therefore,  the  ability 
to  handle  large  signals  without  distortion  is 
preferable  to  high  sensitivity.  Plate  detection  is 
used  to  some  extent,  but  the  diode  detector  is 
the  most  popular.  It  is  especially  adapted  to 
furnishing  automatic  gain  or  automatic  vol¬ 
ume  control  (a.v.c.)»  which  gives  it  an  addi¬ 
tional  advantage.  A  wide  variety  of  combina- 
tions  will  be  found,  including  circuits  using 
multi-element  tubes  which  include  diode 
elements,  but  all  are  basically  the  same. 
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Fig.  419  —  I.F.  amplifier  circuits  for  three  types  of  transformers.  A, 
doublé -tuned;  B ,  triple-tuned;  C,  high-gain  iron  core. 


The  Beat  Oscillator 

Any  Standard  oscillator  circuit  may  be  used 
for  the  beat  oscillator.  Special  beat-oscillator 
transformers  are  available,  usually  consisting 
of  a  tapped  coil  with  adjustable  tuning;  these 
are  most  conveniently  used  with  circuits  such 
as  those  shown  at  Fig.  417-B  and  -C,  with  the 
output  taken  from  “Y.”  A  variable  condenser 
of  about  25  wffd.  capacity  often  is  connected 
between  cathode  and  ground  to  provide  fine 
adjustment  of  the  beat  frequency.  The  beat  os¬ 
cillator  usually  is  coupled  to  the  second  de¬ 
tector  through  a  fixed  condenser  of  a  few  jtjtfd. 
capacity. 

The  beat  oscillator  should  be  well  shielded, 
to  prevent  coupling  to  any  part  of  the  circuit 
except  the  second  detector,  and  to  prevent  its 
harmonies  from  getting  into  the  front  end  of 
the  receiver  and  being  amplified  like  regular 
signals.  To  this  end,  the  plate  voltage  should 
be  as  low  as  is  consistent  with  sufficiënt  audio 
output.  If  the  beat-oscillator  output  is  too 
low,  strong  signals  will  not  give  a  proportion- 
ately  strong  audio  response,  making  the  re¬ 
ceiver  sound  as  though  it  is  being  blocked. 
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While  a  regenerative  seeond  detector  may  be 

used  to  give  the  audio  beat  note,  this  is  not  de- 
sirable,  sinee  it  requires  that  the  detector  be 
detuned  from  the  i.f.  This  reduces  selectivity 
and  response,  especially  at  the  i.f.’s  used,  and 
re-introduces  the  undesirable  features  of  auto- 
dyne  reception. 

Automatic  Volume  Control 

Automatic  regulation  of  the  gain  of  the  re- 
ceiver  in  inverse  proportion  to  the  signal 
strength  is  a  great  advantage,  especially  in 
’phone  reception.  This  is  readily  accomplished 
in  the  superheterodyne  by  using  the  average 
rectified  voltage  developbd  by  the  received  sig¬ 
nal  across  a  resistance  in  a  detector  circuit 
to  vary  the  bias  on  the  r.f.  and  i.f.  amplifier 
tubes.  Since  this  voltage  is  proportional  to  the 
average  amplitude  of  the  detector  signal,  the 
gain  is  reduced  as  the  signal  strength  is 
greater.  The  control  will  be  more  complete  as 
the  number  of  stages  to  which  the  a.v.c.  bias 
is  applied  is  greater.  Control  of  at  least  two 
stages  is  advisable. 

A  typical  circuit  of  a  diode-triode  type  tube 
used  as  a  combined  a.v.c.  rectifier,  detector  and 
first  audio  amplifier  is  shown  in  Fig.  420.  One 
plate  of  the  diode  section  of  the  tube  is  used  for 
signal  detection  and  the  other  for  a.v.c.  rectifi- 
cation.  The  detector  diode  plate  is  connected 
directly  to  the  “high”  side  of  the  i.f.  trans- 
former  secondary,  while  the  a.v.c.  diode  plate 
is  fed  through  the  small  coupling  condenser 
C3.  Negative  bias  resulting  from  the  flow  of 
rectified  carrier  current  is  developed  across 
Ri,  the  diode  load  resistor.  This  negative 
bias  is  applied  to  the  grids  of  the  controlled 
stages  through  the  filtering  resistors  Rs,  Re 
and  R 7. 

It  does  not  matter  which  of  the  two  diode 


plates  is  selected  for  audio  and  wbicb  for  a.v.c. 
The  audio  diode  return  is  made  directly  to 
the  cathode  and  the  a.v.c.  diode  return  to 
ground.  This  places  negative  bias  on  the  a.v.c. 
diode  equal  to  the  d.c.  drop  through  the  cath¬ 
ode  resistor  (a  matter  of  a  volt  or  two)  and 
thus  delays  the  application  of  a.v.c.  voltage 
to  the  amplifier  grids,  since  no  rectification 
takes  place  in  the  a.v.c.  diode  circuit  until  the 
carrier  amplitude  is  large  enough  to  overcome 
the  bias.  Without  this  delay,  the  a.v.c.  would 
start  working  even  with  a  very  small  signal, 
which  is  undesirable  because  the  full  amplifica- 
tion  of  the  receiver  then  cannot  be  realized 
on  weak  signals.  In  the  audio  diode  circuit 
this  fixed  bias  must  be  avoided,  hence  the 
return  is  made  directly  to  the  cathode. 

Time  constant  is  important  in  the  a.v.c. 
circuit,  and  is  determined  by  the  RC  values  in 
the  diode  and  bias-feed  circuits  to  the  con¬ 
trolled  stages.  In  high-frequency  reception  a 
large  time  constant  is  not  desirable  because  it 
prevents  the  a.v.c.  from  keeping  up  with 
rapid  fading.  A  too-small  time  constant  would 
tend  to  “wash  out”  modulation.  The  values 
shown  have  been  found  to  be  satisfactory  in 
operation. 

•  PRESELECTION 

Preselection  is  added  signal-frequency  se¬ 
lectivity  before  the  mixer  stage  is  reached.  An 
r.f.  amplifier  preceding  the  mixer  is  generally 
called  a  preselector,  its  purpose,  in  part  at 
least,  being  to  discriminate  in  favor  of  the  sig¬ 
nal  against  the  image.  The  preselector  may 
consist  of  one  or  more  r.f.  amplifier  stages,  and 
its  tuning  may  be  ganged  with  that  of  the 
mixer  and  oscillator.  lts  circuits  must  track 
with  the  mixer  circuit,  all  being  tuned  to  the 
same  frequency  at  a  given  dial  setting.  An 
r.f.  amplifier  stage  also  improves 
the  signal-to-noise  ratio,  since  the 
gain  is  usually  greater  than  that  of 
a  mixer  while  the  tube  noise  is  about 
the  same. 

The  design  is  the  same  as  dis- 
cussed  earlier  in  the  chapter.  An 
external  preselector  stage  may  be 
used  with  receivers  having  inade¬ 
quate  image  ratios,  in  which  case 
it  is  built  as  a  separate  unit,  often 
with  a  tuned  output  circuit  which 
gives  a  further  improvement  in 
selectivity. 

•  CRYSTAL  FILTERS 

The  selectivity  of  the  ordinary 
i.f.  amplifier  does  not  approach  the 
value  which  it  is  possible  to  use  in 
reception  of  c.w.  signals.  It  does, 
however,  represent  about  the  usable 
limit  for  “good  quality”  ’phone 


Fig.  420  —  Second-detector  and  first  audio  circuit  with  a.v.c., 
using  duo-diode-triode  tube. 


Ri  —  250,000  ohms,  %-watt. 

Re  —  50,000  to  250,000  ohms, 
p2-watt. 

Rs  —  2000  ohms,  1^-watt. 

R<  —  2  to  5  megohms,  J^-watt. 
Ri.  Re,  R7  —  1  megohm,  Yi- 
watt. 


Rs  —  500,000  ohms,  J^-watt. 
Re  - —  250,000  ohms,  J^-watt. 
Ci,  Ce,  Ce  —  100  m4<1. 

C4  —  250  nnfd. 

Cs,  Ce,  C7  —  0.01  /ifd. 

Cs,  Ce  — •  0-01  to  0.1  nW. 

C10  — 5-  to  10-nfd.  electrolytic. 


CHAPTER  FOUR 


reception,  although  considerably  greater  selec- 
tivity  can  be  used  without  sacrificing  intelli- 
gibility. 

The  most  satisfactory  method  of  obtaining 
high  seleetivity  is  by  the  use  of  a  piezo-electric 
quartz  crystal  as  a  selective  filter  in  the  i.f. 
amplifier.  Compared  to  a  good  tuned  circuit, 
the  Q  of  such  a  crystal  is  extremely  high,  so 
that  at  a  frequency  of  450  kc.,  for  instance,  the 
band-width  is  measured  in  cycles  instead  of 
kilocycles.  Tn  practice,  the  dimensions  of  the 
crystal  are  made  such  that  it  is  resonant  at  the 
desired  intermediate  frequency,  and  it  is  then 
used  as  a  selective  coupler  between  i.f.  stages. 

The  use  of  a  crystal  filter  brings  another 
practical  advantage  —  a  simple  adjustment 
permits  “phasingout”  or  “rejecting”  an  inter¬ 
fering  signal  having  a  frequency  close  to,  but 
not  the  same  as,  that  of  the  desired  signal. 

The  Single-Signal  Effect 

As  already  explained,  in  c.w.  reception  the 
beat  oscillator  may  be  set  to,  say,  456  kc.  (if 
the  i.f.  is  455  kc.)  to  give  a  1000-cycle  beat 
when  the  desired  signal  is  on  the  peak  of  the  i.f. 
resonance  curve.  Now  if  an  interfering  signal 
appears  at  457  kc.  it  also  will  be  heterodyned 
by  the  beat  oscillator  to  produce  a  1000-cycle 
beat.  This  audio-frequency  image  corre- 
sponds  to  the  high-frequency  images  already 
discussed,  and  can  be  reduced  by  providing 
enough  seleetivity  to  make  the  response  to 
the  image  negligible. 

With  seleetivity  of  the  order  shown  in  Fig. 
401  it  is  obvious  that  the  ratio  of  signal  to 
audio-frequency  image  will  not  be  very  high 
for  beat  notes  of  1000  cycles  or  less,  With  a 
crystal  filter,  however,  the  audio-frequency 
image  can  be  made  practically  inaudible,  even 
on  the  strongest  signals,  by  a  combination  of 
the  high  seleetivity  of  the  filter  with  the  rejec- 
tion  feature.  Fig.  421  gives  a  typical  crystal- 
filter  resonance  curve  which  illustrates  this. 
The  audio-frequency  image  can  be  reduced 
by  a  factor  of  1000  or  more  as  compared  with 
the  desired  signal.  There  is,  in  effect,  only 
one  heterodyne  beat  from  each  signal  instead 
of  the  two  which  are  observed  with  normal  i.f. 
seleetivity,  or  with  a  regenerative  autodyne 
detector. 

Besides  practically  eliminating  the  a.f. 
image,  the  high  seleetivity  of  the  crystal  filter 
provides  great  discrimination  against  signals 
very  close  to  the  desired  signal  in  frequency, 
and,  by  reducing  the  band  width,  reduces  the 
response  of  the  receiver  to  noise  both  from 
sources  external  to  the  receiver  and  in  the  r.f. 
stages  of  the  receiver  itself. 

Phasing 

Several  crystal-filter  circuits  are  shown  in 

Fig.  422.  Those  at  A  and  B  are  practically 
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identical  in  performance,  although  differing 
in  details.  The  crystal  is  connected  in  a  bridge 
circuit,  with  the  secondary  side  of  T\,  the  in¬ 
put  transformer,  balanced  to  ground  either 
through  a  pair  of  condensers,  C-C,  ( A )  or  by 
a  center-tap  on  the  secondary,  Li  ( B ).  The 
bridge  is  completed  by  the  crystal  X,  and  the 
phasing  condenser,  Ci,  which  has  a  maximum 
capacity  somewhat  higher  than  the  capacity 
of  the  crystal  in  its  holder.  When  Cj  is  set  to 
balance  the  crystal-holder  capacity  (or  neu- 
tralize  the  holder  capacity)  the  resonance  curve 
of  the  crystal  circuit  is  practically  symmetri- 
cal;  the  crystal  acts  as  a  series  resonant  cir¬ 
cuit  of  very  high  Q  and  thus  allows  signals  of 
the  desired  frequency  to  be  fed  through  C 3  to 
L3L4,  the  output  transformer.  Without  Ci  the 
holder  capacity  (with  the  crystal  acting  as  a 
dielectric)  would  by-pass  signals  of  undesired 
frequencies  to  the  output  circuit. 

The  phasing  control  has  an  additional  func- 
tion  besides  neutralization  of  the  crystal- 
holder  capacity,  however.  The  holder  ca¬ 
pacity  becomes  a  part  of  the  crystal  circuit  and 
causes  it  to  act  as  a  parallel-tuned  resonant  cir¬ 
cuit  at  a  frequency  slightly  higher  than  its 
series-resonant  frequency.  Signals  at  the  paral- 
lel-resonant  frequency  are  thus  prevented  from 
reaching  the  output  circuit.  The  phasing  con¬ 
trol,  by  varying  the  effect  of  the  holder  ca¬ 
pacity,  permits  shifting  the  parallel-resonant 
frequency  over  a  considerable  range,  thus 
providing  adjustable  rejection  of  interfering 
signals.  The  effect  of  rejection  is  illustrated  in 
Fig.  421,  where  the  audio  image  is  reduced  far 
below  the  value  that  would  be  expected  if  the 
resonance  curve  were  symmetrical. 


Belectivity.  The  shaded  area  indicatea  the  regiem  in 
which  response  is  ohtainable. 
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V&riable  Selectivity 

In  circuits  of  the  type  of  A  and  B,  Fig.  422, 
variable  selectivity  is  obtained  by  adjustment 
of  the  variable  input  impedance,  which  is  ef- 
fectively  in  series  with  the  crystal  resonator. 
This  is  accomplished  by  varying  C\  (the 
selectivity  control)  which  tunes  the  balanced 
secondary  circuit  of  T\.  When  the  secondary  is 
tuned  to  i.f.  resonance,  the  parallel  impedance 
of  the  LzCi  combination  is  maximum  and  is 
purely  resistive.  Since  the  secondary  circuit 
is  center-tapped,  approximately  one-fourth  of 
this  resistive  impedance  is  in  series  with  the 
crystal,  through  Cj  and  Li.  This  lowers  the  Q 
of  the  crystal  circuit  and  makes  its  selectivity 
minimum.  At  the  same  time,  the  voltage  ap- 
plied  to  the  crystal  circuit  is  maximum. 


Fig.  422  —  Crystal  filter  circuits  of  three  types.  All  give 
variable  band-width,  with  Chaving  the  greatest  range  of 
selectivity.  Their  operation  is  discussed  in  the  text. 
Suitable  circuit  valucs  are  as  follows:  Circuit  A,  Ti, 
special  i.f.  input  transformer  with  high-inductance  pri- 
mary,  Li,  closely  coupled  to  tuned  secondary,  L2;  C;, 
50-aafd.  variable;  C,  each  100-/»jufd.  fixed  (mica);  Ca, 
10-  10  lS-^i/ifd.  (max.)  variable;  Cs,  50-^fd.  trimmer; 
LsCs,  i.f.  tuned  circuit,  with  Ls  tapped  to  match  crystal- 
circuit  impedance.  In  Circuit  fl,  Ti  is  the  same  as  in 
Circuit  A  except  that  the  secondary  is  center-tapped; 
Ci  is  lOO-jijifd.  variable;  Ca,  Cs  and  C*  same  as  for  Circuit 
Ai  L3L4  is  a  transformer  with  primary,  L 4,  correspond- 
ing  to  tap  on  Ls  in  A.  In  Circuit  C,  Ti  is  a  special  i.f. 
input  transformer  with  tuned  primary  and  low-im- 
pcdance  secondary;  C,  each  100-wifd.  fixed  (mica);  Ci, 
opposed-stator  phasing  condenser,  app.  8  pjufd.  maxi¬ 
mum  capacity  each  side;  LsCs,  high-Q  i.f.  tuned  circuit; 
R,  0  to  3000  obms  (selectivity  control). 
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When  the  input  circuit  is  detuned  from  the 
crystal  resonant  frequency,  the  resistance 
component  of  the  input  impedance  decreases, 
and  so  does  the  total  parallel  impedance.  Ac- 
cordingly,  the  selectivity  of  the  crystal  circuit 
becomes  higher  and  the  applied  voltage  falls 
off.  At  first  the  resistance  decreases  faster  than 
the  applied  voltage,  with  the  result  that  at 
first  the  c.w.  output  from  the  filter  increases 
as  the  selectivity  is  increased.  The  output  then 
falls  off  gradually  as  the  input  circuit  is  de¬ 
tuned  farther  from  resonance  and  the  selec¬ 
tivity  becomes  still  higher.  The  selectivity  can 
be  varied  over  a  range  of  more  than  12  to  1, 
and  the  maximum  selectivity  is  more  than  35 
times  that  obtained  with  the  crystal  filter 
switched  out,  in  typical  receivers  having  two 
i.f.  stages.  (Bib.  1). 

In  the  circuits  of  A  and  B,  Fig.  422,  the 
minimum  selectivity  is  still  much  greater  than 
that  of  a  normal  two-stage  455-kc.  amplifier, 
and  it  is  desirable  to  provide  a  wider  range  of 
selectivity,  particularly  for  ’phone  reception. 
A  circuit  which  does  this  is  shown  at  Fig. 
422-C.  The  principle  of  operation  is  similar, 
but  a  much  higher  value  of  resistance  can  be 
introduced  in  the  crystal  circuit  to  reduce  the 
selectivity.  The  output  tuned  circuit  L3C3,  must 
have  high  Q.  A  compensated  condenser  is 
used  at  C 2  (phasing)  to  maintain  circuit  bal- 
ance,  so  that  the  phasing  control  does  not  af¬ 
fect  the  resonant  frequency.  The  output  cir¬ 
cuit  functions  as  a  voltage  divider  in  such  a 
way  that  the  amplitude  of  the  carrier  deliv- 
ered  to  the  next  grid  does  not  vary  appreciably 
with  the  selectivity  setting.  The  variable  re- 
sistor,  R,  may  consist  of  a  series  of  separate 
fixed  resistors  selected  by  a  tap  switch.  (Bib.  2). 

•  REGENERATION  IN  THE  SUPERHET 

Regeneration  often  can  be  used  to  advan- 
tage  in  superhet  receivers  to  increase  gain 
and,  chiefly,  selectivity.  When  the  necessary 
gain  and  selectivity  can  be  obtained  without 
regeneration  it  is  advantageous  not  to  use  it, 
since  a  regenerative  circuit  requires  careful 
adjustment  and  represents  an  operating  in- 
convenience.  However,  in  superhets  using  a 
small  number  of  tubes  regeneration  often  is 
worth  while. 

When  the  mixer  is  the  first  tube  in  the  re- 
ceiver,  it  can  be  made  regenerative  to  increase 
the  image  ratio.  With  the  mixer  regenerative, 
but  not  oscillating,  image  ratios  comparable 
to  those  obtained  with  a  non-regenerative  r.f. 
stage  preceding  the  mixer  can  be  obtained  at 
14  and  28  Mc.  At  lower  frequencies  the  im- 
provement  is  not  so  great,  but  images  are 
negligible  with  the  mixer  properly  regener¬ 
ative.  Fairly  careful  adjustment  of  regenera¬ 
tion  and  tuning  usually  are  necessary  each 
time  the  frequency  is  changed  appreciably. 


if  the  advantages  of  regeneration  in  increasing 
selectivity  are  to  be  realized.  Regeneration  af- 
fects  the  signal-to-noise  ratio  (first  tube  and 
circuit  noise)  adversely,  however. 

A  tickler  coil  may  be  connected  in  series  with 
the  mixer  plate  and  coupled  to  the  grid  coil  to 
pro  vide  regeneration;  in  fact,  any  of  the  usual 
regenerative  methods  may  be  used.  Regenera¬ 
tion  may  be  controlled  by  varying  screen  volt¬ 
age  or  grid  bias,  the  latter  by  means  of  a  vari- 
able  cathode  resistor. 

In  an  i.f.  stage,  regeneration  can  be  used  to 
give  a  pronounced  single-signal  effect,  par- 
ticularly  when  the  i.f.  is  455  kc.  or  lower.  The 
resonance  curve  of  an  i.f.  stage  at  critical  re¬ 
generation  (just  below  oscillation)  resembles 
that  of  a  crystal  filter,  although  it  is  broader 
at  the  base  and  does  not  have  the  rejection 
feature.  Regeneration  is  easily  introduced  in 
an  i.f.  amplifier  by  providing  a  small  amount 
of  capacity  coupling  between  grid  and  plate  — 
bringing  a  short  length  of  wire,  connected  to 
the  grid,  into  the  vicinity  of  the  plate  lead, 
usually  will  suffice  —  and  may  be  controlled 
by  the  regular  cathode-resistor  gain  eontrol. 
When  the  i.f.  is  regenerative,  it  is  usually 
preferable  to  operate  the  tube  at  rather  high 
bias  and  depend  upon  the  regeneration  to 
bring  the  gain  back  to  normal.  This  prevents 
overloading  on  strong  signals  and  thereby 
increases  the  effective  selectivity. 

The  higher  selectivity  with  regeneration  re- 
duces  the  response  to  noise,  just  as  in  the 
case  of  high  selectivity  produced  by  other 
means. 

•  NOISE  INTERFERENCE  REDUCTION 

Much  of  the  interference  experienced  in  re- 
ception  of  amateur  signals  is  caused  by  do- 
mestic  eleetrical  equipment  and  automobile 
ignition  Systems.  The  interference  is  of  two 
types  in  its  effects.  The  first  is  of  the  “hiss” 
type  consisting  of  overlapping  pulses,  similar 
in  nature  to  the  receiver  noise  previously  dis- 
cussed.  It  is  largely  reduced  by  high  selectivity 
in  the  receiver,  especially  for  code  reception. 
The  second  is  the  “pistol  shot”  or  “machine 
gun”  type,  consisting  of  separated  impulses  of 
high  amplitude.  The  “hiss”  type  of  inter¬ 
ference  is  usually  caused  by  commutator  spark- 
ing  in  d.c.  and  series  a.c.  motors,  while  the 
“shot”  type  results  from  separated  spark  dis¬ 
charges  (a.c.  power  leaks,  switch  and  key 
clicks,  ignition  sparks,  and  the  like). 

Both  “hiss”  and  “shot”  interference  may 
be  reduced  by  use  of  a  receiving  antenna  Sys¬ 
tem  of  the  “noise  reduction”  type,  where  the 
antenna  proper  is  located  remotely  from  the 
noise  sources  and  connected  to  the  receiver 
by  a  balanced  or  shielded  transmission  line 
which  has  small  pick-up.  Other  methods  may 
be  applied  in  the  receiver  itself. 
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Audio  Limiter  Circuits 

A  considerable  degree  of  noise  reduction  in 
code  reception  can  be  accomplished  by  limiter 
arrangements  applied  to  the  output  circuits  of 
both  superhet  and  regenerative  receivers.  Such 
limiters  also  maintain  the  signal  output  nearly 
constant  with  fading,  the  effect  for  both  noise 
and  signal  limiting  being  shown  in  Fig.  423. 
Diagrams  of  typical  output  limiter  circuits  are 
shown  in  Fig.  424.  Circuit  A  employs  a  triode 
tube  operated  at  reduced  plate  voltage  (ap- 
proximately  10  volts)  so  that  it  saturates  at  a 
low-signal  level.  The  arrangement  of  B  has 
better  limiting  characteristics.  A  pentode 
audio  tube  is  operated  at  reduced  screen  volt¬ 
age  (35  volts  or  so),  so  that  the  output  power 
remains  practically  constant  over  a  grid  ex- 
citation  voltage  range  of  more  than  100  to  1. 
The  output  limiter  systems  are  simple  and 
adaptable  to  nearly  all  receivers.  However, 
they  cannot  prevent  noise  peaks  from  over¬ 
loading  previous  circuits  and  do  not  bring  the 
noise  amplitude  down  below  the  level  of  the 
signal.  (Bib.  3). 

Series-Valve  Noise  Limiter 

The  circuit  of  Fig.  425  “chops”  noise  peaks 
at  the  second  detector  of  a  superhet  receiver  by 
means  of  a  biased  diode  which  becomes  non- 
conducting  above  a  predetermined  signal  level. 
The  audio  output  of  the  detector  must  pass 
through  the  diode  to  the  grid  of  the  amplifier 
tube.  The  diode  would  normally  be  non-con- 
ducting  with  the  connections  shown  were  it  not 
for  the  fact  that  it  is  given  positive  bias  from  a 
30-volt  souree  through  the  adjustable  po- 
tentiometer  R3.  Resistors  Ri  and  R3  must  be 
fairly  large  in  value  to  prevent  loss  of  audio 
signal. 

The  audio  signal  from  the  detector  can  be 
considered  to  modulate  the  steady  diode  cur- 
rent,  and  conduction  will  take  place  so  long  as 
the  diode  plate  is  positive  with  respect  to  the 
cathode.  When  the  signal  is  sufficiently  large 
to  swing  the  cathode  positive  with  respect  to 
the  plate,  however,  conduction  ceases  and 
that  portion  of  the  signal  is  cut  off  from  the 
audio  amplifier.  The  point  at  which  cut-off 
occurs  can  be  selected  by  adjustment  of  R3. 
By  setting  R3  so  that  the  signal  just  passes 
through  the  “valve”,  noise  pulses  higher  in 
amplitude  than  the  signal  will  be  cut  off. 
The  circuit  of  Fig.  425-A,  using  an  infinite- 
impedance  detector  (one  in  which  the  cathode 
bias  resistor  also  is  the  audio  load  resistor, 
with  the  plate  grounded  for  audio)  gives  a 
positive  voltage  on  rectification.  When  the 
rectified  voltage  is  negative,  as  from  the  usual 
diode  detector,  a  different  circuit  arrangement, 
shown  in  Fig.  425-B,  is  required. 

An  audio  signal  of  about  ten  volts  is  re- 
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Fig.  423  —  Illustrating  limiter  action  with  noise-peak 
interferrnce  and  with  a  fading  aignah 


quired  for  good  limiting  action.  When  a  beat 
oseillator  is  used  for  c.w.  reception  the  b.o. 
voltage  should  be  small  so  that  incoming  noise 
will  not  have  a  strong  carrier  to  beat  against 
and  produce  large  audio  output.  (Bib.  4). 


Ci  —0.25  „fd. 

Cs  —  0.01  Mfd. 

C3  —  5  iifd. 

P  —  50,000-ohm  limiter contro!  (pref- 
erahly  wire  wound). 

Hi  —  0.5  meg. 

R2  —  2000  ohms. 


Fig.  124  —  Output  limiter  circuits. 

K3  - —  600  ohms. 


Automatic  Noise  Suppressor  Circuit 
A  second-detector  noise  limiting  circuit 
which  automatically  adjusts  itself  to  the 
receivcd  carrier  level  is  shown  in  Fig.  426.  The 
diode  load  circuit  consists  of  Re,  Ri-  Re 
(shunted  by  the  high-resistance  audio  volume 
control,  R, 1)  and  Re  in  series.  The  cathode  of 
the  6N7  noise-limiter  is  tapped  on  the  load 
resistor  at  a  point  such  that  the  average  recti- 
fied  carrier  voltage  (negative)  at  its  grid  is 
approximately  twice  the  negative  voltage  at 
the  cathode,  both  measured  with  reference  to 
ground.  A  filter  network,  RiC\,  is  inserted  in 
the  grid  circuit  so  that  the  audio  modulation 
on  the  carrier  does  not  reach  the  grid,  hence 
the  grid  potential  is  maintained  at  substan- 
tially  the  rectified  carrier  voltage  alone.  The 

Fig.  425  —  The  seriee-valve  noise-limiter  cireuit. 
A,  with  an  infinite-impedanee  deteetor;  B,  with  diode 
detector.  Valucs  are  as  follows: 

Ri  —  0.25  megohm. 

Ri  —  50,000  ohms. 

R3  —  10,000-ohm  poten  liomcler. 

Ri  —  20,000  to  50.000  ohms. 

Ci  - —  250  ppfd. 

C2,  Cs  —  0.1  „fd. 

Diode  cireuit  constantB  in  B  are  conventional. 


cathode,  however,  is  free  to  follow  the  mudiila- 

tion,  and  when  the  modulation  is  100%  the 
peak  cathode  voltage  will  just  equal  the  steady 
grid  voltage. 

At  all  modulation  percentages  below  100% 
the  grid  is  negative  with  respect  to  cathode 
and  current  cannot  flow  in  the  6N7  plate- 
cathode  circuit.  A  noise  pulse  exceeding  the 
peak  voltage  which  represents  100%  modula¬ 
tion  will,  however,  make  the  grid  positive 
with  respect  to  cathode  and  the  relatively-low 
plate-cathode  resistance  of  the  6N7  shunts 
the  high-resistance  audio  output  circuit, 
effectively  short-circuiting  it  so  that  there  is 
practically  no  response  for  the  duration  of  the 
noise  peak  over  the  100%  modulation  limit. 

Re  is  used  to  make  the  noise-limiting  tube 
more  sensitive,  by  applying  to  the  plate  an 
audio  voltage  out  of  phase 
with  the  cathode  voltage  so 
that  at  the  instant  the  grid 
PI,  goes  positive  with  respect  to 
cathode,  the  highest  positive 
potential  also  is  applied  to 
the  plate,  thus  further  low- 
ering  the  effective  plate- 
cathode  resistance.  (Bib.  S). 

Noise -Si lencing  I.F. 
System 

The  circuit  shown  in  Fig. 
427  operates  to  make  the 
noise  pulses  “commit  sui- 
cide”  before  they  have  a 
chance  to  reach  the  second 
detector.  Noise  voltage  in  ex- 


T  —  Output  transformer. 

Li  —  15-fienry  choke. 

Ph  —  Telephones  (20,000-ohm  im- 
pedanee;  2000-ohm  reaiat- 


2nd  DETECTOR 


To  audio 
omp/ifier 
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cess  of  the  desired  signal's  maximum  i.f .  voltage 
is  taken  off  at  the  grid  of  the  i.f.  amplifier,  am- 
plified  by  the  noise  amplifier  stage  and  rectified 
by  the  f uil- wave  diode  noise  rectifier.  The 
noise  circuits  are  tuned  to 
the  i.f.  The  rectified  noise 
voltage  is  applied  as  a  pulse 
of  negative  bias  to  the  No.  3 
grid  of  the  6L7  used  as  an  i.f. 
amplifier,  wholly  or  partial- 
ly  disabling  this  stage  for 
the  duration  of  the  individ- 
ual  noise  pulse,  depending 
on  the  amplitude  of  the 
noise  voltage.  The  noise 
amplifier-rectifier  circuit  is 
biased  so  that  rectification 
will  not  start  until  noise 
voltage  exceeds  the  desired- 
signal  amplitude,  by  means 
of  the  4  4  threshold  control*” 

For  reception  with  auto- 
matic  volume  control,  the 
a.v.c.  voltage  is  also  applied 
to  the  grid  of  the  noise  am¬ 
plifier  to  augment  this 
threshold  bias.  This  system 
of  noise  silencing  gives  sig- 
nal-noise  ratio  improvement 
of  the  order  of  30  db  (power  ratio  of  1000)  with 
heavy  ignition  interference,  raising  the  signal- 
noise  ratio  from  —  10  db  without  the  silencer  to 
+  20  db  in  a  typical  instanee.  (Bib.  6). 


Fig.  426  —  Automatic  noise  limiting  circuit  for 
superhet  receivers. 

T  —  I.F.  transformer  with  balanced  secondary  for 
working  into  diode  rectifier. 

Ri,  R2,  R3  —  1  megohra,  ^-watt. 

R4  —  1-megohm  volume  control. 

Re  —  250,000  ohms,  }^-watt. 

R  6,  R8  —  100,000  ohms,  V^-watt. 

R7  —  25,000  ohms,  )^-watt. 

Ci  —  0.1-/nfd.  paper. 

C2,  C3  —  0.05-/ifd.  paper. 

C4,  Ce  —  50-M/ufd.  mica. 

Ce  —  0.001-/xfd.  mica  (for  r.f.  filtering,  if  needed). 

Sw  —  S.p.s.t.  toggle  (on-off  switch). 

The  switch  should  he  mounted  close  to  the  circuit  de¬ 
ments  and  controlled  by  an  extension  ghaft  if  necessary. 


•  SIGNAL  STRENGTH  AND  TUNING 
INDICATORS 

A  useful  accessory  to  the  receiver  is  an 


-  250  V.  +  250  V. 

Fig.  427  —  Silencer  circuit  applied  to  the  second 
i.f.  stage  of  a  typical  superhet.  The  negative-B  of  the 
high-voltage  supply  must  be  grounded  at  the  filter 
output. 

C2  —  0.01  -yufd.  grid  by-pass  condenser,  200-volt 

tubular. 

C3  —  0.01-  to  0.1-/xfd.  plate  by-pase  condenser,  400- 
volt  tubular. 

C7  —  0.1  -/ifd.  catbode  by-pass  condenaers,  200-volt 
tubular. 

Cs  —  0.01-  to  0.1-Atfd.  screen  by-pass  oondenser9,  400- 
volt  tubular. 

C9  —  0.25-/ifd.  main  by-pass  condenser,  600-volt 
tubular. 

C12  —  50-M/ufd.  detector  load  by-pass,  mica  midget. 

C13  —  50-M/ufd.  beat  osc.  coupling  condenser,  mica 
midget. 

C14  —  0.1-/*fd.  detector  output  coupling  condenser, 
200-volt  tubular. 

C21  —  0-  to  250-Miufd.  noise  rectifier  load  by-pass,  mica 
midget. 

C22 — 0.1-^fd.  threshold  resistor  by-pass,  200-volt 
tubular. 

C23  —  50-MMfd.  silencer  r.f.  by-pass,  mica  midget. 

R2  —  100,000 -ohm  grid  filtering  resistor,  ^-watt. 

Rö  —  350-  to  1000-ohm  cathodc  resistors, 

R7  —  100,000-ohm  screen-voltage  dropping  resistors, 
}^-watt. 

R13  —  500-ohm  manual  r.f.  gain  control. 

R14  —  0.25-megohm  volume  control. 

R15  —  50,000-ohm  detector  filter  resistor,  }£-watt. 

R23  —  20,000-ohm  threshold  bleeder  resistor,  1-watt. 
R24  —  5000 -obm  threshold  control  potentiometer 
volume-control  type. 

R20  —  100,000-obm  noise  rectifier  load  resistor  Yim 
watt. 

R30  —  1-megohm  a.v.c.  filter  resistor, 

RFC  —  20-millihenry  r.f.  ehoke. 

Tg  —  Doublé  air-tuned  i.f.  transformer. 

T3  and  T*  —  Single  air-tuned  full-wave  diode  coupling 
tranaformers. 
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indicator  which.  will  show  relative  signal 

strength.  Not  only  is  it  an  aid  in  giving 
reports,  but  it  also  is  helpful  in  aligning  the 
receiver  circuits,  in  conjunction  with  a  test 
oscillator  or  other  steady  signal. 

Three  types  of  indicators  are  shown  in  Fig. 


avc  'me<; 

UNE 


SCREENS 
AND  VOLTAGE 
DIVIDER 


CO 


ta 


Fig.  428 —  Tuning  in- 
dicator  or  "S”-meter  cir¬ 
cuits  for  superhet  re- 
ceivers.  A,  electron-ray 
indicator;  B ,  plate-current 
meter  for  tubes  on  a.v.c.; 
C,  bridge  circuit  for  a.v.c. 
controlled  tube.  In  C,  rep- 
resentative  values  are:  Bt, 
250  ohms;  Ba,  350  ohms; 
Bg,  1000-obm  variable. 


428.  That  at  A  uses  an  electron-ray  tube,  sev- 
eral  types  of  which  are  available.  The  grid  of 


the  triode  section  is  usually  connected  to  the 
a.v.c.  line.  The  particular  type  of  tube  to  use 
wili  depend  upon  the  voltage  available  for  its 
grid;  where  the  a.v.c.  voltage  is  relatively  large, 
a  reraote-cutoff  type  tube  should  be  used  in 
preference  to  the  sharp-cutoff  type  such  as  the 
6E5. 

In  B,  a  milliammeter  is  connected  in  series 
with  the  d.c.  plate  leads  to  the  r.f.  and  i.f. 
tubes  whose  grids  are  controlled  by  a.v.c. 
Since  the  plate  current  of  such  tubes  varies 
with  the  strength  of  the  ineoming  signal,  the 
meter  will  indicate  relative  signal  intensity 
and  may  be  calibrated  in  “S”  points.  The 
scale  range  of  the  meter  should  be  chosen  to 
fit  the  number  of  tubes  in  use;  the  maximum 
plate  current  of  the  average  remote-cutofF  r.f. 
pentode  is  from  7  to  10  milliamperes.  The 
disadvantage  of  this  System  is  that  the  meter 
reading  decreases  with  increasing  signal 
strength.  The  sensitivity  also  is  limited  and 
cannot  easily  be  controlled. 

The  system  at  C  uses  a  0-1  milliammeter  in 
a  bridge  circuit  arranged  so  that  the  meter 
reading  and  signal  strength  increase  together. 
The  current  through  the  branch  containing  Ri 
should  be  approximately  equal  to  the  current 
through  that  containing  R2.  In  some  manu- 
factured  receivers  this  is  brought  about  by 
draining  the  screen  voltage-divider  current  and 
the  current  to  the  sereens  of  three  r.f.  pentodes 
(r.f.  and  i.f.  stages)  through  R2,  the  sum  of 
these  currents  being  about  equal  to  the  maxi¬ 
mum  plate  current  of  one  a.v.c.  controlled 
tube.  Typical  values  for  this  type  of  circuit  are 
given.  The  sensitivity  can  be  increased  by 
making  R\,  Ri  and  R3  larger.  The  initial  set¬ 
ting  is  made  with  the  manual  gain  control 
set  near  maximum,  when  R3  should  be  ad- 
justed  to  make  the  meter  reading  zero  with  no 
signal. 
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Coupling  Systems —  Tank-Circuit  Design  —  Amplifier 
Operating  Conditions 


Ta,.  chapter  deals  principally  with  the  de¬ 
sign  of  transmitters  to  operate  at  frequencies 
between  1.75  and  30  Mc.;  ultra-high-frequency 
transmitters  will  be  discussed  in  a  later  chapter. 

The  modern  amateur  transmitter  must  be 
designed  to  comply  with  the  simple  require- 
ments  in  our  regulations  regarding  purity  and 
stability  of  the  output  carrier. 

Transmitter  Units 

The  oscillator  is  the  frequency-generating 
unit.  It  is  sometimes  used  to  deliver  the  radio- 
frequency  power  generated  to  the  antenna,  al- 
though,  more  often  it  is  used  in  conjunction 
with  a  power  amplifier  which  increases  the 
power  level  at  the  oscillator  frequency  before 
delivering  it  to  the  antenna.  The  third  unit 
type  is  the  frequency  multiplier  which  is  used  to 
increase  the  frequency  delivered  to  it  by  the 
oscillator  or  a  preceding  frequency-multiply- 
ing  stage.  The  frequency  multiplier  may  also 
be  referred  to  as  a  doubler,  tripler  or  quadrupler, 
depending  upon  the  order  of  frequency  multi- 
plication.  Frequency  multipliers  are  usually 
followed  by  a  power  amplifier  which  delivers 
power  to  the  antenna. 

•  CIRCUIT  TERMS 

The  Tank  Circuit 

A  tuned  circuit,  consisting  of  a  suitable  coil 
and  condenser  in  parallel,  used  in  conjunction 
with  a  vacuum  tube  in  an  r.f.  oscillator  or 
amplifier,  is  commonly  termed  a  tank  circuit. 


By-Pass  and  Blocking  Condensers 

The  by-pass  condenser  is  used  to  provide  a 
comparatively  low-impedance  path  for  r.f.  or 
a.f.  currents  around  some  circuit  element  or 
branch. 

A  blocking  condenser  is  used  to  introducé  a 
high  impedance  to  the  flow  of  low-frequency 
a.c.  or  d.c.  in  some  branch  of  a  circuit  without 
appreciably  affecting  the  flow  of  r.f.  currents. 

Series  and  Parallel  Feed 

The  d.c.  voltages  required  for  grid  and  plate 
in  the  operation  of  a  vacuum-tube  circuit  may 
be  fed  through  the  associated  tank  circuit 
when  it  is  called  series  feed  or  through  a  r.f. 
choke  effectively  in  parallel  with  the  tank 
circuit  when  it  is  termed  parallel  feed. 

Filament  Center-Tap 

To  prevent  hum  with  filament-type  tubes 
operating  from  a.c.  supply,  it  is  necessary  to 
return  the  grid  and  plate  circuits  to  the  elec- 
trical  center  of  the  filament  circuit  as  shown  in 
Fig.  501.  When  no  transformer  center-tap  is 
provided,  or  if  a  series  resistance  is  used  in  the 
secondary  to  drop  the  filament  voltage,  a  cen- 
ter-tapped  resistance  should  be  used  as  shown 
at  B. 

•  OPERATING  TERMS 

Power  Input 

Unless  otherwise  specified,  the  term  power 
input  applies  only  to  the  d.c.  power  consumed 


Fig.  501  —  Methods  of  making  re¬ 
turn  connections  to  filament  center- 
tap  to  prevent  filament-supply  modu- 
lation.  If  Ra  is  used  to  drop  filament 
voltage  from  higher- volta  ge  trans¬ 
former,  the  center-tapped  resistance 
should  always  be  used,  even  if  the 
transformer  is  cquipped  with  center- 
tap. 
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in  the  plate  circuit  of  the  vacuum  tube.  It  is 

the  product  of  the  d.c.  plate  voltage  and 
current. 

Power  Output 

In  using  the  term  power  output,  it  is  impor¬ 
tant  to  distinguish  between  tube  power  output 
and  circuit  power  output.  The  former  does  not 
include  the  tank-  and  coupling-circuit  losses. 

Efficiency 

Plate  efficiency  is  the  ratio  of  power  output 
to  power  input  expressed  as  a  percentage,  and 
usually  refers  to  tube  efficiency,  neglecting 
circuit  losses. 

Excitation 

Excitation  voltage  is  the  alternating  voltage 
applied  to  the  control-grid  circuit  of  the  tube. 
Excüing  or  driving  power  is  the  power  required 
to  develop  the  excitation  voltage.  Oscillators 
supply  their  own  excitation,  while  excitation 
for  an  amplifier  or  frequency  multiplier  must 
be  furnished  from  an  external  source. 

Frequency  Stability 

The  degree  to  which  the  frequency  of  an 
oscillator  adheres  to  any  single  frequency  to 
which  it  has  been  set  is  termed  its  frequency 
stability.  Frequency  instability  may  have 
origins  of  three  types.  Frequency  changes  may 
occur  with  mechanical  movement  of  some 
circuit  element  which  causes  it  to  change  its 
electrical  value  whenever  the  oscillator  is  sub¬ 
ject  to  mechanical  shock  or  vibration. 

The  second  type  of  instability  is  caused  by 
eöects  of  a  change  in  temperature  of  some 
circuit  element.  Thermal  eöects  are  usually 
characterized  by  a  slow  progressive  change  in 
frequency  from  the  time  the  oscillator  is  first 
placed  in  operation  until  some  time  later  when 
the  oscillator  reaches  a  more  or  less  stable 
temperature.  This  sort  of  frequency  change  is 
described  as  creep. 

The  third  type  of  instability  is  known  as 
dynamic  and  is  the  result  of  anything  which 
will  change  the  operating  characteristics  of  the 
oscillator  tube.  This  may  be  a  change  in  elec- 
trode  voltages  or  a  change  in  the  Ioading  of  the 
oscillator  which  may,  in  turn,  cause  a  change 
in  the  eöective  input  capacity  of  the  tube. 

P ar  aai  tic  Oscilla  tions 

Oscillations  generated  in  a  transmitter  aside 
from  those  at  the  operating  frequency  are 
termed  parasitic  oscillations.  This  type  of  os- 
cillation  invariably  causes  spurious  radiations 
and  also  eöectively  reduces  the  efficiency  of  an 
amplifier. 

OsciIlator9 

When  the  frequency  of  the  oscillator  is  de- 
termined  entirely  by  the  circuit  constants,  it  is 
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called  a  self-controlled  oscillator;  if  the  frequeney 

is  determined  principally  by  an  electro-me- 
chanical  device,  the  piezo-electric  crystal,  the 
oscillator  is  termed  a  crystal-controlled  oscillator. 

Self-Controlled  Oscillators 

The  advantage  of  a  self-controlled  oscillator 
is  its  flexibility  which  permits  choice  of  any 
frequency  desired  by  simply  providing  a  coil 
and  condenser  of  suitable  values.  Its  disad- 
vantages  are  that  extreme  care  in  design  and 
adjustment  is  necessary  if  satisfactory  fre¬ 
quency  stability  is  to  be  attained.  The  use  of 
self-controlled  oscillators  in  amateur  trans- 
mitters  should  be  confined  exclusively  to  the 
generation  of  a  stable  frequency  with  power 
output  decidedly  of  minor  importance.  The 
most  satisfactory  type  of  self-controlled  os¬ 
cillator  now  in  general  use  is  the  electron- 
coupled  oscillator  which  will  be  described  in 
detail.  Brief  references  to  other  types  will  be 
found  in  Chapter  3. 

The  Electron-Coupled  Oscillator 

In  this  circuit,  a  screen-grid  tube  is  used. 
The  screen  forms  the  plate  of  a  Hartley  or  Col- 
pitts  triode  oscillator  arranged  so  that  the 


Fig.  502  —  The  electron-coupled  oscillator.  The 
frequency  is  controlled  mainly  by  the  constants  of 
Li -Ci  which  should  be  a  high-C  circuit.  Feedback  is 
controlled  by  the  position  of  the  cathode  tap  whieb 
must  be  adjusted  carefully  under  operating  conditions. 
Tbe  adjustment  of  the  screen  voltage  by  means  of  the 
voltage  divider  R2-R3  is  also  critical  for  high-frequeney 
stahility.  Timing  of  L2-C2,  whieb  may  be  a  low-C 
circuit,  will  also  bave  some  effect  upon  the  frequency. 
Circuit  B,  in  which  the  tuned  plate  circuit  is  replaced 
by  an  r.f.  choke  is  usually  favored.  It  is  important  that  a 
well-screened  tuhe  and  voltage-regulated  plate  supply 
be  used. 
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screen,  instead  of  the  cathode,  is  at  ground 
potential.  With  a  well  screened  tube  and  good 
circuit  isolation,  the  coupling  between  the  os- 
cillating  circuit  and  the  plate  output  circuit, 
from  which  power  is  taken,  is  essentially 
through  the  varying  electron  stream  and, 
therefore,  the  frequency  is  more  independent  of 
adjustments  and  loading  of  the  output  circuit 
than  with  other  types,  although  in  practice  the 
effects  must  still  be  taken  into  consideration. 

An  example  of  the  electron-coupled  oscillator 
is  shown  in  Fig.  502.  (Bib.  1 ) 

CrystaTControlled  Oscillators 

In  crystal-controlled  oscillator  circuits,  the 
usual  parallel  resonant  circuit,  which  deter- 
mines  the  frequency,  is  replaced  by  the  piezo- 
electric  crystal.  If  a  crystal  is  properly  con- 
nected  in  an  oscillator  circuit,  energy  fed  back 
from  the  output  circuit  may  be  used  to  excite 
the  crystal  which,  in  turn,  will  generate  an  al- 
ternating  voltage  which  will  be  applied  to  the 
grid  of  the  oscillator  tube,  and  the  circuit  will 
oscillate  at  a  frequency  controlled,  within  very 
close  limits,  by  the  dimensions  of  the  crystal. 

The  disadvantage  of  the  c.c.  oscillator  is  that, 
with  a  given  crystal,  the  frequency  may  be 
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Fig.  503  —  Triode  crystal  oscillator.  The  tank  con- 
denser  Ci  may  be  a  100-ggfd.  variable,  with  Li  propor- 
tioned  so  that  the  tank  will  tune  to  the  crystal  frequency. 

(See  coil  charts,  Figs.  516-517.)  C2  should  be  0.001  nfd. 
or  larger.  The  grid  leak,  Ri,  will  vary  with  the  type  of 
tube;  high-/*  types  take  lower  values,  2500  to  10,000 
ohms,  while  medium  and  low-g  types  takc  values  of 
10,000  to  25,000  ohms. 

varied  over  extremely  narrow  limits  (about 
5  kc.  at  4  Mc.  with  suitable  crystal  and  holder), 
making  it  necessary  to  provide  essentially  a 
separate  crystal  for  each  frequency  desired  in 
any  particular  amateur  frequency  band.  lts 
great  advantage  is  the  comparative  ease  with 
which  satisfactory  frequency  stability  may  be 
obtained. 

The  Triode  Crystal  Oscillator 

The  circuit  of  a  triode  crystal  oscillator  is 
shown  in  Fig.  503.  It  is  the  equivalent  of  the 
tuned-plate  tuned  grid  circuit  since  the  crystal 
is  the  equivalent  of  the  grid  tank  circuit.  The 
limit  of  plate  voltage  that  can  be  used  without 
endangering  the  crystal  is  about  250  volts.  With 
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the  r.f.  crystal  current  limited  to  a  safe  value  of 
about  100  ma.,  as  measured  by  a  r.f.  galvanom¬ 
eter  or  low-range  r.f.  ammeter  inserted  in  series 
with  the  crystal  (at  “x"  in  the  diagram),  the 
power  output  obtainable  is  about  5  watts.  The 
oscillation  frequency  is  dependent  to  a  greater 
extent  on  the  plate  tank  tuning  than  is  the 
case  with  circuits  using  tetrodes  or  pentodes. 

The  Tetrode  or  Pentode  Oscillator 

Since  the  r.f.  voltage  amplitude  (which  de- 
termines  the  power  output  of  the  oscillator 
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Fig.  504  —  Tetrode  or  pentode  crystal  oscillator. 
Typical  values:  Ci,  100  ggid.  with  L  wound  to  suit  fre¬ 
quency  (see  eoil  charts,  Figs.  516-517)  with  No.  24  wire 
or  larger;  C2,  C3,  0.001  gfd.  or  larger;  C4,  0.01  gfd.;  Ri, 
10,000  to  50,000  ohms,  best  value  being  determined  by 
trial  for  the  plate  voltage  and  operating  conditions 
chosen;  R2,  250  to  400  ohms.  R2  and  C4  may  be  oraitted, 
connecting  cathode  directly  to  ground  if  plate  voltage  is 
limited  to  250  volts.  C5  may  be  required  to  obtain  oscil¬ 
lation  with  a  wcll-screened  tube.  It  may  be  formed  by 
two  mctal  plates  about  inch  square  spaced  about  14 
inch.  If  tube  has  suppressor  grid,  it  should  be  grounded. 

tube)  in  the  grid  circuit  is  limited  by  the  safe 
vibration  amplitude  of  the  crystal,  obviously 
the  greatest  power  output  can  be  secured  with¬ 
out  danger  to  the  crystal  by  choosing  a  tube  of 
high  power  sensitivity  (see  Chapter  3).  Hence, 
we  find  that  pentodes  and  beam  tubes  are 
widely  used  as  crystal  oscillators  in  amateur 
transmitters  because,  at  a  given  plate  voltage, 
the  crystal  heating  will  be  less  than  with  a  triode 
and  alternatively,  for  the  same  amplitude  of 
crystal  vibration,  higher  plate  voltages  can  be 
used,  resulting  in  greater  power  output. 

Fig.  504  shows  a  typical  pentode  or  tetrode 
oscillator  circuit.  The  pentode  and  tetrode 
tubes  designed  for  audio  power  work,  such  as 
the  47,  2A5,  41,  42,  6V6G,  6L6G,  6L6,  48  and 
6F6  are  excellent  crystal-oscillator  tubes.  Tubes 
having  250-volt  ratings  may  be  operated  at 
voltages  as  high  as  300  and  screen  voltages  be¬ 
tween  100  and  125  when  R2  and  C4  may  be 
omitted.  The  larger  beam  tubes,  6L6  and  807 
may  be  run  at  400  to  500  volts  on  the  plate  and 
250  on  the  screen  for  maximum  output  and  the 
cathode  resistor  and  by-pass  should  be  used. 

A  thermo-galvanometer  (or  a  60-ma.  dial 

üght)  may  be  connected  at  “X”  to  give  an  in- 

dication  of  r.f.  crystal  current.  Pentode  oaoil- 
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Ifttors  operating  at  250  Yolts  will  give  4  or  5 
watts  output  under  normal  conditions.  The 
beam  types  6L6  and  807  will  give  15  watts  or 
more  at  maximum  plate  voltage.  (Bib.  2). 

The  Pierce  Oscillator 
This  circuit,  one  of  the  earliest  devised  for 
crystal  oscillators,  is  shown  in  Fig.  505.  It 
operates  in  the  same  manner  as  the  old  ul- 
traudion  circuit  with  the  crystal,  instead  of  a 
tuned  circuit,  connected  between  grid  and 
plate.  The  plate  circuit  must  be  capacitively 
reactive  or  tuned  to  a  lower  frequency  than 
that  of  the  crystal.  The  capacity  Ci  will 
usually  be  required;  it  introducés  an  amount 
of  regeneration  depending  upon  ite  capacity. 
The  output  of  the  Pierce  oscillator  is  relatively 
small,  although  it  has  the  advantage  that  no 
tuning  Controls  are  required.  The  circuit  re- 
quires  capacitive  coupling  to  a  following  stage. 

Harmonie  Generation  —  The  Tri-Tei 
Many  circuits  have  been  devised  to  obtain 
harmonie  output  from  the  oscillator  tube.  One 
of  the  most  successful  is  the  “Tri-tet”  oscil¬ 
lator.  The  circuit  is  shown  in  Fig.  506,  in  two 
versions  arranged  for  use  with  pentodes  and 
beam  tetrodes.  In  the  Tri-tet  oscillator  circuit 
the  screen  grid  is  operated  at  ground  potential 
while  the  cathode  assumes  an  r.f.  potential 
above  ground.  The  screen-grid  acts  as  the 
anode  of  a  triode  crystal  oscillator,  while 
the  plate  or  output  circuit  is  simply  tuned 
to  the  oscillator  frequency  or  a  multiple  of  it. 

Besides  harmonie  output,  the  Tri-tet  circuit 
has  the  feature  of  buffering  action  attributable 
to  electron-coupling  between  crystal  and  out¬ 
put  circuits.  This  makes  the  crystal  frequency 
less  susceptible  to  changes  in  loading  or  tuning 
and  hence  improves  the  stability. 


Fig.  SOS —  The  Pierce  oscillator  requires  no  tuning 
Controls.  Tubes  such  as  the  6C5  and  6F6  are  suitahle 
operating  at  plate  voltages  not  exceeding  300  to  prevent 
crystal  fracture.  Wlien  a  triode  is  used,  /\j  and  Ct  are 
omitted.  Ri  should  have  the  nsual  grid-leuk  values  of 
25,000  to  50,000  ohmB.  1000  ohms  is  recommended  for 
f?j.  Ri  is  the  screen  voltage  dropping  resistance,  75,000 
ohms  for  the  6F6.  Ci  is  a  voltage  blocking  condenser  of 
any  value  between  0.001  and  0.01  jifd.  C3  and  C4  should 
he  0.01  pfd.  The  size  of  Cj,  the  regeneration  capacity 
must  be  determined  by  experiment,  probahly  some- 
where  between  50  and  150  nafd.  The  size  of  Cj,  usually 
100  anfd.  should  he  adjusted  so  that  the  oscillator  is  not 
overloaded. 
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Fig.  506 — -Tri-tet  oscillator  circuit,  using  pentodes 
or  beam  tetrodes.  Ci  and  Cs,  200-pjafd.  variables;  C3, 
Ce,  Cs,  C«,  0.001  to  0.01  /»fd.  by-passes,  not  critical; 
Ra,  20,000  to  100,000  ohms;  Rs,  400  ohms  for  400-  or 
500-volt  operation. 

Following  speci&cations  for  cathode  coils,  Li,  are 
based  on  a  coil  diameter  of  1J4  inches  and  length  1  inch; 
turns  should  be  spaced  evenly  to  fill  the  required  length. 
For  RK-23,  RK-25,  6L6,  6L6G  and  6V6G  tubes; 
1.75-Mc.  crystal,  32  mms;  3.5  Mc.,  10  turns,  7  Mc.,  6 
turns.  The  6L6G  and  61.6  tubes  are  recommended 
only  for  second  harmonie  operation.  For  802,  807, 
RK-39,  and  89  tubes:  1.75-Mc,  crystal,  28  turns;  3.5 
Mc.,  14  turns;  7  Mc.,  7  turns. 

At  maximum  recommended  plate  voltages  (500  volts 
for  tran8mitting  types,  400  volts  for  6L6  and  6L6G)  the 
screen  voltage  should  be  250.  The  89  and  6V6G  types 
may  be  operated  with  300  plate  volts  and  150  volts  on 
the  screen, 

The  L-C  ratio  in  the  plate  tank,  La  Ca,  should  he 
adjusted  so  that  the  capacity  in  use  is  75  to  100  anfd. 
for  fundamental  output  and  about  25  paf d.  for  second 
harmonie  output. 

If  the  output  circuit  is  to  be  tuned  to  the 
same  frequency  as  the  crystal,  a  fairly  well- 
screened  tube  must  be  used,  otherwise  there 
may  be  excessive  feedback  and  danger  of  frac- 
turing  the  crystal.  The  tubes  specified  in  Fig. 
506  meet  this  condition  with  the  exception  of 
the  6L6G  and  6L6,  which  are  recommended 
only  for  harmonie  operation  in  the  Tri-tet 
circuit. 

The  cathode  tank  circuit,  L\Ci,  is  not  tuned 
to  the  frequency  of  the  crystal,  but  to  a  con- 
siderably  higher  frequency.  Recommended 
values  for  L\  are  given  under  the  diagram.  Ci 
should  be  set  as  near  minimum  capacity  as  is 
consistent  with  good  output.  This  reduces  the 
crystal  voltage. 

With  pentode-type  tubes  having  separate 


suppressor  connections,  the  suppressor  may  be 
tied  directly  to  ground  or  may  be  operated  at 
about  50  volts  positive.  The  latter  method 
will  give  somewhat  higher  output  than  with 
the  suppressor  connected  to  ground. 

With  transmitting  pentodes  or  beam  tubes 
an  output  of  15  watts  can  be  obtained  on  the 
fundamental  and  very  nearly  as  much  on  the 
second  harmonie.  (Bib.  S). 


6V6G,  6L6, 6L6G 


Fig.  5 07  —  Crystal  oscillator  circuit  with  grid-plate 
crystal  connection.  The  screen  fimctions  as  the  plate  of 
a  triode  oscillator  with  output  taken  from  the  normal 
plate  through  a  separate  tank  circuit.  Constants  are  the 
same  as  in  Fig.  506.  For  output  at  the  crystal  funda¬ 
ment  al  only.  Ca  may  he  fixed  at  100  nn(d. 

The  Grid-Plate  Oscillator 

In  appearance,  the  grid-plate  oscillator,  Fig. 
507  resembles  the  Tri-tet,  but  with  two  major 
differences  —  the  crystal  is  connected  between 
grid  and  ground  instead  of  between  grid  and 
cathode,  and  the  cathode  tuned  circuit  C^RFC 
is  tuned  to  a  lower  frequency  than  that  of  the 
crystal. 

This  circuit  is  a  persistent  oscillator  and 
gives  high  output  on  the  fundamental  with  low 
crystal  current  and  is,  therefore,  in  contrast  to 
the  Tri-tet,  suitable  for  use  with  tubes  such  as 
the  6L6G  and  6L6  operating  at  the  crystal 
fundamental.  The  output  on  even  harmonies 
(2nd,  4th,  etc.)  is  not  as  great  as  that  obtain- 
able  with  the  Tri-tet;  on  the  other  hand,  the 
output  on  odd  harmonies  (3rd,  5th,  etc.)  is 
appreciably  better.  This  feature  may  some- 
times  be  put  to  use  in  arriving  at  useful  points 
in  the  14-  and  28-Mc.  bands  from  a  1.8-Mc. 
crystal  when  the  oscillator  is  used  in  conjune- 
tion  with  a  suitable  frequency  multiplier. 

If  harmonie  operation  of  the  oscillator  is  not 
contemplated,  Cz  may  be  a  fixed  capacity  of 
100  wifd.  and  one  tuning  control  thereby 
eliminated.  The  cathode  coil,  RFC,  may  be 
a  2.5-mh.  choke,  since  the  inductance  is  not 
critical. 

Output  power  of  15  to  20  watts  may  be  ob¬ 
tained  at  the  crystal  fundamental  with  a  tube 
such  as  the  6L6G  at  a  plate  voltage  of  400  and 
screen  at  250  volts.  Sufficiënt  output  is  obtain- 
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able  at  the  2nd  and  odd  harmonies  up  to  the 
7th  to  drive  an  807  frequency  multiplier.  (Bib.  5) . 

Characteristics  and  Liznitations  of  Crystals 

Crystals  having  various  characteristics, 
determined  by  the  manner  in  which  they  are 
cut  from  the  raw  crystal,  are  possible.  The  chief 
characteristic  of  the  Y-cut  crystal  is  that  its 
frequency  usually  increases  to  a  limited  degree 
with  an  increase  in  temperature.  The  change 
may  vary  from  plus  100  cycles  per  million  per 
degree  Centigrade  to  minus  20  cycles-per- 
million-per-degree  C.  The  Y-cut  type  has  been 
largely  superseded  by  other  types  because  of  its 
relative  fragility  and  lack  of  frequency  stabil- 
ity. 

The  X-cut  crystal  is  thicker  than  the  Y-cut 
for  the  same  frequency  and  is,  therefore,  less 
fragile.  It  has  a  negative  temperature  coëffi¬ 
ciënt,  frequency  decreasing  with  temperature. 
The  change  lies  between  minus  15  and  minus 
25  cycles-per-million-per-degree  C. 

More  recently,  special  cuts  have  been  de- 
veloped  which  produce  crystals  with  tempera¬ 
ture  coefficients  very  close  to  zero  and  these  are 
the  most  favored  for  amateur  use.  They  are 
known  by  various  designations,  depending 
upon  the  particular  angle  of  cut,  such  as  the 
AT-cut,  the  V-cut  and  the  LD. 

Since  some  temperature  rise  occurs  in  all 
crystal  oscillator  circuits  developing  appreci- 
able  power,  it  is  evident  that  in  choosing  a 
crystal  frequency  near  the  edge  of  an  amateur 
band  the  probable  “drift”  in  frequency  must 
be  taken  into  account. 

Heating  is  greater  the  greater  the  amplitude 
of  the  crystal  vibration;  in  other  words  the 
greater  the  r.f.  voltage  across  the  crystal. 
When  the  vibration  amplitude  is  high  the  in- 
ternal  stresses  may  be  great  enough  to  shatter 
the  crystal,  hence  the  power-handling  capabili- 
ties  of  the  crystal  are  limited.  A  current  of  100 
ma.  r.f.  usually  is  considered  safe  for  X-  and  Y- 
cut  crystals  ground  for  the  1.75-  and  3.5-Mc. 
bands.  Crystals  of  some  types  can  operate 
safely  with  currents  as  high  as  200  ma.  The 
manufacturer  usually  establishes  a  safe  current 
rating  for  his  particular  cut. 

Crystal  Mountings 

To  make  use  of  the  crystal,  it  must  be 
mounted  between  two  metal  electrodes.  There 
are  two  types  of  mountings,  one  in  which  there 
is  an  air-gap  of  about  one-thousandth  inch  be¬ 
tween  the  top  plate  and  the  crystal  and  the 
other  in  which  both  plates  are  in  contact  with 
the  crystal.  The  latter  type  is  generally  used  by 
amateurs.  It  is  essential  that  the  surfaces  of  the 
metal  plates  in  contact  with  the  crystal  be 
perfectly  flat. 

A  holder  having  a  heavy  metal  bottom  plate 
with  a  large  surface  exposed  to  the  air  is  ad- 
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vantageous  in  radiating  quickly  the  heat  gen- 
erated  in  the  crystal  and  thereby  reducing 
temperature  effeets. 

The  type  of  holder  used  will  have  some 
effect  on  the  frequency  of  oscillation  of  the 
crystal.  Different  plate  sizes,  pressures,  etc., 
will  cause  slight  changes,  amounting  to  perhaps 
a  kilocycle  or  so,  so  that  if  a  crystal  is  being 
ground  to  an  exact  frequency  it  should  be 
tested  in  the  holder  and  with  the  same  os- 
cillator  circuit  with  which  it  will  be  used  in  the 
transmitter. 

In  the  air-gap  type  of  holder,  the  frequency 
of  oscillation  depends  to  some  extent  upon  the 
size  of  the  gap  between  the  top  plate  and  crys¬ 
tal.  This  property  can  be  used  to  advantage 
with  most  low-drift  crystals  so  that  by  using  a 
holder  with  a  top  plate  with  closely  adjustable 
sparing  a  controllable  frequency  variation  can 
be  obtained.  A  3. 5- Mc.  crystal  will  oscillate 
without  very  great  variation  in  power  output 
over  a  range  of  about  5  kc.  X-  and  Y-cut  crys¬ 
tals  are  not  generally  suitable  for  this  type  of 
operation  because  tliey  have  a  tendency  to 
“jump”  in  frequency  with  different  air  gaps. 

R.F.  Power  AmpHüers 

As  mentioned  previously,  oscillators  as 
power-generating  devices  in  amateur  trans- 


mitters  have  dcfinite  limitations.  For  thia  rea- 

son,  amateur  transmitters  of  medium  and  high 
power  invariably  follow  the  oscillator-power 
amplifier  idea  in  which  the  function  of  the  os- 
cillator  is  essentially  one  of  generating  a  stable 
frequency  and  the  small  output  power  is  used 
to  excite  an  amplifier  or  a  series  of  amplifiers 
which  step  the  output  up  to  the  desired  level. 

In  amateur  transmitters,  an  r.f.  amplifier  is 
invariably  operated  Class  C  (see  Chapter  3). 
It  may  employ  a  single  tube  or,  for  greater 
power  output,  two  tubes  in  parallel  or  push- 
pull.  Under  similar  operating  eonditions,  the 
power  output  from  two  tubes  will  be  the  same 
whether  they  are  connected  in  parallel  or  push- 
pull.  The  same  is  true  of  the  power  required 
from  the  driver.  At  the  higher  frequencies  a 
limit  is  placed  on  parallel  operation  by  the 
shunting  effect  of  tube  capacities  in  increasing 
the  minimum  capacity  of  the  circuit  to  such  an 
extent  that  a  tank  circuit  of  reasonable  effi¬ 
ciency  cannot  be  secured.  The  symmetry  of 
push-pull  circuits  makes  them  easier  to  handle 
in  operation.  An  inherent  property  of  this  type 
of  amplifier  is  its  ability  to  balance  out  even 
harmonies,  thereby  reducing  undesirable  har¬ 
monie  output.  The  tube  input  and  output 
capacities  with  this  connection  are  effectively 
in  series. 

Interstate  Coupling  Systems 
The  purpose  of  an  interstage  cou- 
pling  system  is  to  transfer,  with  as  little 
loss  as  possible,  the  power  developed 
by  the  driving  tube  to  the  grid  circuit 
of  the  folio wing  amplifier  or  frequency 
multiplier.  While  there  are  many  vari- 
ations,  coupling  Systems  in  amateur 
transmitters  are  usually  confined  to 
two  general  classes,  capacitive  cou¬ 
pling  and  transmission-line  or  link 
coupling. 

Fig.  508  shows  several  types  of 
capacitive  coupling.  In  each  case,  C 
is  the  coupling  condenser.  In  circuit  A, 
the  plate  of  the  driver  is  series  fed, 
while  the  grid  of  the  amplifier  is 
parallcl-fed.  The  coupling  condenser 
serves  also  as  a  blocking  condenser  to 
isolate  the  d.c.  plate  voltage  of  the 
driver  from  the  grid  of  the  amplifier. 
In  circuit  B,  parallel  feed  is  used  in 
the  plate  circuit  of  the  driver  and 
series  feed  in  the  grid  circuit  of  the 
amplifier.  The  circuits  of  C  and  D  are 
preferable  when  a  balanced  circuit  is 
used  in  the  output  of  the  driver;  in- 
stead  of  both  being  in  parallel  across 
one  side,  the  output  capacity  of  the 
driver  tube  and  the  input  capacity  of 
the  amplifier  are  across  opposite  sides 
of  the  tank  circuit,  thereby  preserving 
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Fig.  508  —  Direct-  or  capacity -coupled  driver  and  amplifier 
stages.  Coupling  condenser  capacity  may  be  from  50  ju^fd-  to 
0,002  afd.,  not  critical,  exeept  when  tappin»  the  coils  for  control 
of  excitation  is  not  possible. 
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a  better  circuit  balance.  The  circuits  of  E  and 
F  are  designed  for  coupling  to  a  puah-pull 
stage. 

In  A,  B,  E  and  F,  excitation  is  adjusted  by 
moving  the  tap  on  the  coil,  greater  excitation 
up  to  the  limit  of  the  driver  being  obtained  by 
moving  the  tap  nearer  the  plate  end  of  the 
coil.  In  E  and  F,  the  two  grid  taps  should  be 
maintained  equidistant  from  the  center-tap 
on  the  coil. 

While  capacitive  coupling  is  simplest  from 
the  viewpoint  of  construction,  it  has  certain 
disadvantages  which  may  make  it  desirable  to 
use  another  form  of  coupling  in  many  cases. 
The  input  capacity  of  the  amplifier  is  effec- 
tively  shunted  across  at  least  a  portion  of  the 
preceding  tank  coil.  When  added  to  the  output 
capacity  of  the  driver  tube,  this  additional 
capacity  may  be  sufficiënt,  in  many  cases,  to 
be  of  serious  consequence  in  circuits  for  fre- 
quencies  above  about  7  Mc. 

Link  Coupling 

At  the  higher  frequencies  it  is  advantageous 
to  use  separate  tank  circuits  for  the  driver  plate 
and  amplifier  grid.  This  avoids  paralleling  the 
tube  capacities  across  one  circuit,  and  when  the 
two  are  coupled  through  an  untuned  low-im- 
pedance  transmission  line,  offers  a  ready  means 
for  adjustment  of  coupling.  This  method  of 
coupling  also  has  some  constructional  advan- 
tages,  in  that  separate  parts  of  the  transmitter 
may  be  constructed  as  separate  units  without 
the  necessity  for  running  long  leads  at  high  r.f. 
potential. 

The  form  of  transmission-line  coupling  uti- 
lizing  a  Iow-impedance  line  with  coupling  loops 
of  a  turn  or  two  at  each  end  is  popularly  known 
as  “link”  coupling.  The  transmission  line  may 
be  of  any  convenient  length  —  from  a  few 
inches  to  several  feet  ■ —  without  appreciable 
loss  of  power  in  the  transfer. 

Circuits  for  link  coupling  are  shown  in  Fig. 
509.  The  coupling  ordinarily  is  by  a  turn  or 
two  of  wire,  with  ends  connected  to  the  twisted 
pair,  closely  coupled  to  the  tank  inductance 
at  a  point  of  low  r.f.  potential  such  as  the 
center  of  the  coil  of  a  balanced  tank  circuit, 
or  the  “ground”  end  of  the  coil  in  a  single- 
ended  circuit. 

Because  of  the  low  impedance  of  the  line, 
one  turn  often  suffices  if  the  coupling  is  tight 
enough;  however,  sometimes  more  than  one  is 
needed  for  maximum  power  transfer.  It  is  ad- 
visable,  especially  with  high-power  stages,  to 
have  some  means  of  varying  the  coupling  be- 
tween  link  and  tank  coil.  The  link  turn  may  be 
arranged  to  be  swung  in  relation  to  the  tank 
coil  or,  when  it  consists  of  a  large  turn  around 
the  outside  of  the  tank  coil,  can  be  split  into 
two  parts  which  can  be  pulled  apart  or  closed 
somewhat  in  the  fashion  of  a  pair  of  calipers. 
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If  the  tank  coils  are  wound  on  forms,  the  link 
may  be  wound  close  to  the  main  coil. 

With  fixed  coupling,  the  only  adjustment  of 
excitation  is  by  varying  the  number  of  turns 
on  the  link.  If  the  coupling  between  link  and 
tank  is  variable.  change  of  physical  separation 
of  the  two  coils  also  will  give  some  adjustment 
of  excitation.  In  general  the  proper  number  of 
turns  for  the  link  must  be  found  by  experiment. 

Tetrode  and  Pentode  Ampliders 

Since  the  input  and  output  circuits  of  an  r.f. 
amplifier  are  tuned  to  the  same  frequency,  it 
will  oscillate  as  a  t.g.t.p.  oscillator  (see  Chap- 
ter  3)  unless  some  means  is  provided  to  reduce 
the  plate-to-grid  capacity  of  the  tube  to  a  value 
which  will  not  permit  sufficiënt  feed-back,  by 
this  means,  for  oscillation. 

In  all  transmitting  r.f.  tetrodes  and  pentodes, 
this  capacity  is  reduced  to  a  satisfactory  degree 
by  the  internal  shielding  between  grid  and 
plate  provided  by  the  screen  grounded  for  r.f. 
It  should  be  noted  here  that  tetrodes  and  pen¬ 
todes  designed  for  audio  use,  such  as  the  6L6, 
6V6,  6F6,  etc.,  are  not  sufficiently  well  screened 
for  use  as  r.f.  amplifiers  without  the  introduc- 
tion  of  other  means  of  nullifying  the  effect  of 
the  grid-plate  capacity. 

Typical  circuits  of  tetrode  and  pentode  r.f. 


DRIVES  AMP 


AMP 


Fig.  509  —  Link  coupling,  using  a  low-impedance 
transmission  line.  The  link  may  he  twisted  lamp  cord  or 
consist  of  a  pair  of  closely -spaced,  but  nol  twisted,  wires. 
A  concentric  line  is  the  best  form. 
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amplifiers  are  shown  in  Fig.  510.  The  relative 

simplicity  of  the  circuit  used  with  these  tubes 
and  the  small  driving  power  required  are  the 
advantages  over  triode  amplifiers.  The  high 
power  sensitivity  of  pentodes  and  tetrodes, 
however,  makes  them  prone  to  self-oscillate, 
so  that  particular  care  must  be  used  to  prevent 
feedback  external  to  the  tube  itself. 


PUSH-PULL 


Fig.  510  —  Tetrode-pentode  r.f.  amplifier  circuits. 
Cj  —  0.01  afd.;  Ca  —  0.001  ixid.  or  larger;  Ca-L  —  See 
Bection  on  tank  circuit  design. 

In  circuils  for  tetrodes,  the  suppressor-grid  connec- 
tion  and  by-pass  are  omitted. 


Triode  Amplifiers 

Triodes  of  equivalent  power  output  rating 
are  less  expensive  than  tetrodes  or  pentodes. 
Their  input  and  output  capacities  are  usually 
lower,  which  may  make  them  preferable  at  the 
higher  frequencies.  Since  the  power  sensitivity 
is  much  lower,  considerably  greater  driving 
power  is  required,  although,  for  the  same  rea- 
son,  difficulties  with  stray  couplings  between 
input  and  output  circuits  are  reduced  and  the 
absence  of  the  screen-grid  eliminates  possible 
trouble  in  grounding.  The  d.c.  power  which 
must  be  wasted  in  operating  the  screen  is 
eliminated. 
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Neutralhation 

On  the  other  hand,  special  means  must  be 
provided  for  nullifying  the  effects  of  grid-to- 
plate  capacity  which  would  otherwise  cause 
self-oscillation.  Nullification  of  these  effects  is 
called  neutralization. 

Neutralization  really  amounts  to  taking 
some  of  the  radio-frequency  voltage  from  the 
output  or  input  circuit  of  the  amplifier  and 
introducing  it  into  the  other  circuit  in  such  a 
way  that  it  effectively  “bucks”  the  voltage 
operating  through  the  grid-plate  capacity  of 
the  tube,  thus  rendering  it  impossible  for  the 
tube  to  supply  its  own  excitation.  For  com¬ 
plete  neutralization  it  is  necessary,  therefore, 
that  the  neutralizing  voltage  be  opposite  in 
phase  to  the  voltage  through  the  grid-plate 
capacity  of  the  tube  and  be  equal  to  it  in 
amplitude. 

The  out-of-phase  voltage  can  be  obtained 
quite  readily  by  using  a  balanced  tank  circuit 
in  either  grid  or  plate,  taking  the  neutralizing 
voltage  from  the  end  of  the  tank  opposite 
that  to  which  the  grid  or  plate  is  connected. 
The  amplitude  of  the  neutralizing  voltage  can 
be  regulated  by  means  of  a  small  condenser, 
the  neutralizing  condenser,  having  the  same 
order  of  capacity  as  the  grid-plate  capacity  of 
the  tube.  Circuits  in  which  the  neutralizing 
voltage  is  obtained  from  a  balanced  grid  tank 
and  fed  to  the  plate  through  the  neutralizing 
condenser  are  termed  grid-neutralizing  cir¬ 
cuits,  while  if  the  neutralizing  voltage  is  ob¬ 
tained  from  a  balanced  plate  tank  and  fed  to 
the  grid  of  the  tube,  the  circuit  is  known  as  a 
plate-neutralized  circuit. 

Triode  Amplifiers  with  Plate  Neutralization 

Typical  triode  amplifier  circuits  with  plate 
neutralization  are  shown  in  Fig.  511-A,  -B  and 
-C.  In  circuit  A,  the  usual  tank  coil  is  extended 
several  turns  to  provide  a  “neutralizing  coil” 
which  provides  the  out-of-phase  voltage  which 
is  fed  back  to  the  grid  through  the  neutralizing 
condenser  Cn.  At  B,  the  tank  coil  itself  is  split. 
The  balance  can  also  be  capacitive,  by  the  use 
of  a  split-stator  tank  condenser  with  grounded 
rotor,  as  shown  in  C. 

Triode  Amplifiers  with  Grid  Neutralization 

Typical  circuits  employing  grid  neutraliza¬ 
tion  are  shown  in  Fig.  511-D,  -E  and  -F.  They 
resemble  those  circuits  with  plate  neutraliza¬ 
tion  except  that  the  neutralizing  voltage  is  ob¬ 
tained  from  a  balanced  input  tank  and  fed 
to  the  plate  of  the  tube.  Circuit  D  is  used  with 
capacity  coupling  between  driver  and  amplifier. 

Push-Pull  Triode  Amplifiers 

Push-pull  triode  amplifiers  employ  what  is 
known  as  “cross-neutralization,”  the  neutraliz- 
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Fig.  511  —  Triode  amplifier  circuits.  Plate  neutralization  is  Bhown  in  A,  B  and  C,  white  D,  E,  and  F  show  types 
of  grid  neutralization.  Capacitive  or  link  coupling  may  be  used  with  circuits  of  A,  B  or  C. 

C-L  —  See  section  on  tank  -circuit  design.  Cl  —  0.01  /ufd. 

Cg-Lg  —  Grid  tank  circuit.  Ca  —  0.001  afd.  or  targer, 

Cn  —  Neutralizing  condensers  (see  text). 


ing  condensers  being  connected  from  grid  of 
one  tube  to  plate  of  the  other.  Two  circuits  are 
shown  in  Fig.  512.  In  A,  the  voltage  division 
is  by  the  inductive  method,  while  capacitive 
voltage  division  is  used  in  the  circuit  of  B. 

With  proper  physical  arrangement  of  parts, 
a  more  exact  balance  can  be  obtained  with 
push-pull  than  with  a  single  tube  because  both 
sides  of  the  circuit  are  symmetrical.  Hence  these 
circuits  are  often  easier  to  neutralize  than 
single-tube  circuits. 

Comparison  of  Neutralizing  Circuits 

Plate  neutralization  is  usually  to  be  preferred 
to  grid  neutralization  because  it  is  more  difii- 
cult  to  maintain  an  accurate  balance  in  the  grid 
circuit  with  one  side  of  the  circuit  heavily 
loaded  when  the  tube  draws  grid  current. 

Of  the  plate  neutralizing  circuits,  the  one  of 
Fig.  511-C  is  preferred  because  with  inductive 
voltage  division,  exact  neutralization  can  be 
obtained  at  only  one  frequency.  The  split- 
stator  circuit  also  has  the  advantages  that  the 
input  capacity  of  the  tube  is  reduced,  harmon¬ 
ies  are  more  effectively  suppressed  and  “hand- 
capacity  effects”  of  an  ungrounded  condenser 

Fig.  512  —  Push-pull  triode  amplifier  circuits  with 
"crosB-neutralization.”  Either  eapaeitive  or  link  eou- 
pling  may  be  used. 

C-L  —  See  section  on  tank-circuit  design. 

Cn  — ■  Neutralizing  condensers  (see  text). 

Ct  —  0.01  4d. 

C»  —  0.001  pfd.  or  larger. 
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shaft  are  avoided.  While  an  amplifier  using  the 
circuit  of  D  may  appear  easier  to  drive  com- 
pared  to  circuit  C  because  of  eflfects  of  regen- 
eration  when  the  tank  circuit  of  B  is  tuned 
slightly  oflf  resonance,  with  proper  neutraliza- 
tion,  there  should  be  no  differenee.  With  push- 
pull  amplifiers,  the  circuit  of  Fig.  5 12- B  is  also 
preferred  for  the  same  reasons. 

Neutralizing  Condensers 

In  most  cases  the  neutralizing  voltage  will  be 
equal  to  the  r.f.  voltage  between  the  plate  and 
grid  of  the  tube  so  that  for  perfect  balance  the 
capacity  required  in  the  neutralizing  condenser 
theoretically  will  be  equal  to  the  grid-plate 
capacity  of  the  tube  being  neutralized.  If,  in 
the  circuits  having  tapped  tank  coils,  the  tap  is 
more  than  half  the  total  number  of  turns  from 
the  plate  end  of  the  coil,  the  required  neutral¬ 
izing  capacity  will  increase  approximately  in 
proportion  to  the  relative  number  of  turns  in 
the  two  sections  of  the  coil. 

For  those  tubes  having  grid  and  plate  con- 
nections  brought  out  through  the  bulb,  a  con¬ 
denser  having  at  about  half-scale  or  less  a 
capacity  equal  to  the  grid-plate  capacity  of 
the  tube  should  be  chosen.  Where  the  grid  and 
plate  leads  are  brought  through  a  common 
base,  the  capacity  needed  is  greater  because 
the  tube  Socket  and  its  associated  wiring  adds 
some  capacity  to  the  actual  inter-element 
capacities.  In  such  cases  a  slightly  larger  con¬ 
denser  should  be  used. 

When  two  or  more  tubes  are  connected  in 
parallel,  the  neutralizing  capacity  required 
will  be  in  proportion  to  the  number  of  tubes. 

Tank-Circuit  Design 

So  far  as  the  plate  efficiency  of  the  tube  itself 
is  concerned,  it  does  not  matter  how  the  load 
resistance  is  obtained;  that  is,  the  tube  will 
work  equally  well  into  an  actual  resistor  or  into 
a  tank  circuit  having  any  practicable  constants 
so  long  as  the  resistance  or  impedance  repre- 
sented  by  the  tank  is  the  desired  value.  How- 
ever,  the  distribution  of  the  power  output  be¬ 
tween  the  tank  circuit  and  the  load  is  affected 
by  the  inherent  (unloaded)  impedance  of  the 
tank  circuit. 

The  impedance  of  the  unloaded  tank  circuit 
at  resonance  is  equal  to  L/CR,  where  L  is  the 
inductance,  C  the  capacity,  and  R  the  eflfective 
resistance.  The  higher  the  ratio  of  the  unloaded 
tank  impedance  to  the  optimum  load  imped¬ 
ance  for  the  tube,  the  greater  the  proportion  of 
power  transferred  to  the  load.  The  impedance 
of  the  tank  alone  should  be  at  least  ten  times 
the  optimum  load  impedance  for  high  transfer 
efficiency.  The  unloaded  tank  impedance  can 
be  made  high  in  two  ways:  by  lo wering  the 
resistance  through  the  construction  of  low-loss 
coils  and  by  careful  placement  of  parts,  or  by 
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raising  the  L-C  ratio.  With  practicable  cir¬ 
cuits,  it  is  much  easier  to  obtain  high  tank 
impedance  by  using  a  high  L-C  ratio  than  by 
attempting  to  reduce  the  resistance,  although 
every  effort  should  of  course  be  made  to  reduce 
losses. 

Tank  Impedance  and  Harmonie  Output 

When  a  high-impedance  tank  circuit  is  used, 
along  with  high  grid  bias  and  large  values  of 
excitation  voltage,  a  large  proportion  of  the 
power  output  is  on  harmonies  of  the  funda- 
mental  frequency. 

Should  the  circuit  conditions  be  such  that 
the  harmonies  cause  circulating  currents,  there 
is  a  power  loss  which  reduces  the  overall  effi¬ 
ciency  of  the  amplifier.  In  general,  it  will  be 
found  that  any  means  employed  in  the  output 
circuit  to  reduce  harmonies  also  will  result  in 
an  improvement  in  efficiency.  A  fair  amount 
of  flywheel  effect  also  improves  the  stability 
of  the  amplifier  and  makes  its  tuning  more 
satisfactory. 

Because  harmonie  reduction  calls  for  con- 
siderable  flywheel  effect,  and  consequently  for 
a  fairly  large  ratio  of  capacity  to  inductance, 
while  high  transfer  efficiency  requires  high  un¬ 
loaded  tank  impedance  (high  L-C  ratio)  in 
practice  a  compromise  must  be  made  between 
these  two  conflicting  factors. 

The  amateur  is  chiefly  concerned  with  the 
harmonie  energy  radiated  because  of  the  danger 
of  interference  to  services  operating  in  fre¬ 
quenties  not  assigned  to  amateurs.  The  radi- 
ation  of  harmonies  is  influeneed  by  the  type  of 
antenna,  its  feed  system,  and  the  method  of 
coupling  between  the  antenna  system  and  the 
final  amplifier  as  well  as  the  tank-circuit  L-C 
ratio  and  the  excitation  voltage  so  that  it  is 
obviously  impossible  to  fix  rigid  rules  for  de- 
termining  the  value  of  capacity  to  be  used  in 
the  tank  circuit.  Some  sort  of  compromise  is 
struck  by  basing  tank-capacity  calculations 
on  a  circuit  "Q"  of  12.  Too  much  faith  should 
not  be  placed  in  this  figure,  however,  because 
it  does  not  take  into  consideration  wave  shape 
upon  which  the  harmonie  content  in  the  out¬ 
put  chiefly  depends.  It  represents  a  fair  av¬ 
erage,  however,  and  if  serious  harmonie  radi- 
ation  is  experienced,  it  can  usually  be  reduced 
satisfactorily  by  proper  adjustment  of  the  an¬ 
tenna  system  and  its  coupling  to  the  final  am¬ 
plifier.  (See  Chaps.  14  and  22.) 

The  capacity  required  to  give  a  “Q”  of  12 
may  be  determined  from  the  chart  of  Fig.  513. 
It  is  necessary  only  to  know  the  plate  voltage 
and  plate  current  in  ma.  at  which  the  amplifier 
is  to  operate.  If  a  push-pull  amplifier  is  used,  or 
the  tank  coil  tapped  at  the  center  or  a  split- 
stator  condenser  used  for  neutralizing,  the 
total  tank  capacity  may  be  reduced  to  one- 
quarter  of  the  values  given  by  the  graph.  This 
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means  that  the  capacity  of  each  section  of  a 
split-stator  condenser  will  be  one-half  of  the 
capacity  shown  by  the  graph.  In  determining 
the  ratio  of  plate  voltage  to  plate  current,  it 
should  be  remembered  that  the  plate  current 
of  tubes  in  parallel  or  push-pull  will  be  twice 
that  of  a  single  tube. 

As  an  example,  a  beam  tube,  not  requiring 
a  balanced  tank  circuit  for  neutralization,  op- 
erating  at  1000  volts,  100  ma.  (ratio  10/1) 
will  require  a  tank  capacity  of  100  /j/dds.  for 
3.5  Mc.  Two  similar  tubes  in  parallel  (200  ma. 
—  ratio  5/1)  will  require  200  /j/xfds.  Two  sim¬ 
ilar  tubes  in  push-pull  (ratio  5/1)  will  require 


total  tank  capacity  of  or  50  wdds.  and 


if  a  split-stator  condenser  is  used,  the  capacity 
should  be  100'  j^fds.  per  section. 

As  a  second  example,  a  triode  requiring  a 
balanced  tank  circuit  for  neutralization  op- 


Fig.  513. — Chart  ehowing  tank -capacities  required 
for  “Q”  of  12  with  various  ratios  of  plate  voltage  to 
plate  current  for  varioua  frequenties.  In  circuits  F,  G, 
H  (Fig.  514),  the  capacities  shown  in  the  graph  may  be 
divided  by  four.  In  circuits  C,  D,  E,  I,  J  and  K,  the 
capacity  ,of  each  section  of  the  split-stator  condenser 

may  be  one-half  that  shown  by  the  graph.  Yalues  given 

by  the  graph  should  be  used  for  circuits  A  and  B. 
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erating  at  1000  volts,  100  ma.  (ratio  10/1) 
will  require  a  total  capacity  of  25  pyifds.  or  50 
ppfds.  per  section  if  a  split-stator  condenser  is 
used.  Two  similar  triedes  in  parallel  (ratio 
5/1)  will  require  a  total  of  50  #mfds.  or  100 
ppfds.  per  section  if  a  split-stator  condenser  is 
used.  Two  similar  triodes  in  push-pull  (ratio 
5/1)  will  require  the  same  capacities. 

Reasonable  departures  from  these  figures 
would  not  affect  the  operation  of  the  amplifier 
appreciably.  An  increase  in  capacity  will 
cause  some  decrease  in  both  transfer  efficiency 
and  harmonie  output,  while  a  decrease  in  the 
capacity  will  have  the  opposite  effects.  The 
increase  in  harmonie  radiation  with  less  ca¬ 
pacity  might  be  controlled  by  proper  antenna 
coupling. 

Tank-Condensei  Voltage  Rating 

The  peak  voltage  to  be  expected  between 
the  plates  of  a  tank  condenser  depends  upon 
the  arrangement  of  the  tank  circuit  as  well  as 
the  d.c.  plate  voltage  of  the  tube  or  tubes  in 
use.  Peak  voltage  may  be  determined  from 
Fig.  514  which  shows  all  of  the  commonly  used 
tank-circuit  arrangements.  These  estimates  of 
voltage  assume  that  the  amplifier  is  loaded. 
Since  a  c.w.  amplifier  may  be  tuned  up  with¬ 
out  load  with  a  resulting  rise  in  peak  r.f.  volt¬ 
age,  while  a  modulated  amplifier  should  never 
be  operated  without  load,  the  voltage  for 
phone  should  be  used  in  selecting  a  suitable 
tank  condenser  for  either  c.w.  or  phone  unless 
tuning  of  the  c.w.  amplifier  is  done  at  reduced 
plate  voltage.  The  figures  include  a  reasonable 
factor  of  safety. 

The  spacing  required  to  withstand  any  par- 
ticular  voltage  will  vary  with  the  construction 
of  the  condenser.  Most  manufacturers  specify 
peak  voltage  ratings  for  their  condensers. 

Determining  Inductance 

Once  the  required  tank  capacity  and  fre- 
quency  are  determined,  the  tank  coil  dimen- 
sions  can  be  found.  This  may  be  done  with  the 
help  of  the  L-C  and  inductance  formulas  in 
Chapter  20,  or  if  Standard  coil  forms  are  used, 
the  charts  of  Figs.  516  and  517  will  give  the 
required  number  of  turns  directly.  Using  the 
chart  which  applies  for  the  type  of  coil  form 
or  coil  in  question,  read  on  the  appropriate 
frequency  curve  the  number  of  turns  required 
for  the  tank  capacity  value  already  determined. 
The  optimum  tank  LC  ratio  will  result. 

Fig.  516  is  for  coils  wound  on  receiving-type 
forms  having  a  diameter  of  1  ^  inches  and 
ceramic  forms  having  a  diameter  of  1  Y\  inches 
and  winding  length  of  3  inches  (National 
XR13).  Such  coils  would  be  suitable  for  os- 
cillator  and  buffer  stages  where  the  power  to 
be  carried  is  not  over  50  watts.  In  all  cases  the 
number  of  turns  given  must  be  wound  to  fit 
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a  better  circuit  balance.  The  circuits  of  E  and 
F  are  designed  for  coupling  to  a  push-pull 
stage. 

In  A,  B,  E  and  F,  excitation  is  adjusted  by 
moving  the  tap  on  the  coil,  greater  excitation 
up  to  the  limit  of  the  driver  being  obtained  by 
moving  the  tap  nearer  the  plate  end  of  the 
coil.  In  E  and  F,  the  two  grid  taps  should  be 
maintained  equidistant  from  the  center-tap 
on  the  coil. 

While  capacitive  coupling  is  simplest  from 
the  viewpoint  of  construction,  it  has  certain 
disadvantages  which  may  make  it  desirable  to 
use  another  form  of  coupling  in  many  cases. 
The  input  capacity  of  the  amplifier  is  effec- 
tively  shunted  across  at  least  a  portion  of  the 
preceding  tank  coil.  When  added  to  the  output 
capacity  of  the  driver  tube,  this  additional 
capacity  may  be  sufficiënt,  in  many  cases,  to 
be  of  serious  consequence  in  circuits  for  fre- 
quencies  above  about  7  Mc. 

Link  Coupling 

At  the  higher  frequencies  it  is  advantageous 
to  use  separate  tank  circuits  for  the  driver  plate 
and  amplifier  grid.  This  avoids  paralleling  the 
tube  capacities  across  one  circuit,  and  when  the 
two  are  coupled  through  an  untuned  low-im- 
pedance  transmission  line,  offers  a  ready  means 
for  adjustment  of  coupling.  This  method  of 
coupling  also  has  some  constructional  advan- 
tages,  in  that  separate  parts  of  the  transmitter 
may  be  constructed  as  separate  units  without 
the  necessity  for  running  long  leads  at  high  r.f. 
potential. 

The  form  of  transmission-line  coupling  uti- 
lizing  a  low-impedance  line  with  coupling  loops 
of  a  turn  or  two  at  each  end  is  popularly  known 
as  “link”  coupling.  The  transmission  line  may 
be  of  any  convenient  length  —  from  a  few 
inches  to  several  feet  —  without  appreciable 
loss  of  power  in  the  transfer. 

Circuits  for  link  coupling  are  shown  in  Fig. 
509.  The  coupling  ordinarily  is  by  a  turn  or 
two  of  wire,  with  ends  connected  to  the  twisted 
pair,  closely  coupled  to  the  tank  inductance 
at  a  point  of  low  r.f.  potential  such  as  the 
center  of  the  coil  of  a  balanced  tank  circuit, 
or  the  “ground”  end  of  the  coil  in  a  single- 
ended  circuit. 

Because  of  the  low  impedance  of  the  line, 
one  turn  often  suffices  if  the  coupling  is  tight 
enough;  ho wever,  sometimes  more  than  one  is 
needed  for  maximum  power  transfer.  It  is  ad- 
visable,  especially  with  high-power  stages,  to 
have  some  means  of  varying  the  coupling  be- 
tween  link  and  tank  coil.  The  link  turn  may  be 
arranged  to  be  swung  in  relation  to  the  tank 
coil  or,  when  it  consists  of  a  large  turn  around 
the  outside  of  the  tank  coil,  can  be  split  into 
two  parts  which  can  be  pulled  apart  or  closed 
somewhat  in  the  fashion  of  a  pair  of  calipers. 
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If  the  tank  coils  are  wound  on  forms,  the  link 
may  be  wound  close  to  the  main  coil. 

With  fixed  coupling,  the  only  adjustment  of 
excitation  is  by  varying  the  number  of  turns 
on  the  link.  If  the  coupling  between  link  and 
tank  is  variable,  change  of  physical  separation 
of  the  two  coils  also  will  give  some  adjustment 
of  excitation.  In  general  the  proper  number  of 
turns  for  the  link  must  be  found  by  experiment. 

Tetrode  and  Pentode  Amplifiers 

Since  the  input  and  output  circuits  of  an  r.f. 
amplifier  are  tuned  to  the  same  frequency,  it 
will  oscillate  as  a  t.g.t.p.  oscillator  (see  Chap- 
ter  3)  unless  some  means  is  provided  to  reduce 
the  plate-to-grid  capacity  of  the  tube  to  a  value 
which  will  not  permit  sufficiënt  feed-back,  by 
this  means,  for  oscillation. 

In  all  transmitting  r.f.  tetrodes  and  pentodes, 
this  capacity  is  reduced  to  a  satisfactory  degree 
by  the  internal  shielding  between  grid  and 
plate  provided  by  the  screen  grounded  for  r.f. 
It  should  be  noted  here  that  tetrodes  and  pen¬ 
todes  designed  for  audio  use,  such  as  the  6L6, 
6V6,  6F6,  etc.,  are  not  sufficiently  well  screened 
for  use  as  r.f.  amplifiers  without  the  introduc- 
tion  of  other  means  of  nullifying  the  effect  of 
the  grid-plate  capacity. 

Typical  circuits  of  tetrode  and  pentode  r.f. 


DRIVER  AhP 


4-B  -C 


DRIVER 

AMP 


DRIVER  AMP 


♦  B  -C 


Fig.  509  —  Link  coupling,  using  a  low-impedance 
transmission  line.  The  link  may  be  twisted  lamp  eord  or 
consist  of  a  pair  of  closely -spaced,  hut  nol  twisted,  wires. 
A  concentric  line  ia  the  best  form. 
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amplifiers  are  shown  in  Fig.  510.  The  relative 

simplicity  of  the  circuit  used  with  these  tubes 
and  the  small  driving  power  required  are  the 
advantages  over  triode  amplifiers.  The  high 
power  sensitivity  of  pentodes  and  tetrodes, 
however,  makes  them  prone  to  self-oscillate, 
so  that  partïcular  care  must  be  used  to  prevent 
feedback  external  to  the  tube  itself. 


PUSH-PULL 


Fig.  510  —  Tetrode-pentode  r.f.  amplifier  circuits. 
Ci  —  0.01  nfd.\  Ca  —  0.001  pfd.  or  larger;  Cs-l.  —  See 
section  on  tank -circuit  design. 

In  circuits  for  tetrodes,  the  suppressor-grid  eonnec- 
tion  and  hy-pass  are  omitted. 


Triode  Amplifiers 

Triodes  of  equivalent  power  output  rating 
are  Iess  expensive  than  tetrodes  or  pentodes. 
Their  input  and  output  capacities  are  usually 
lower,  which  may  make  them  preferable  at  the 
higher  frequencies.  Since  the  power  sensitivity 
is  much  lower,  considerably  greater  driving 
power  is  required,  although,  for  the  same  rea- 
son,  difficulties  with  stray  couplings  between 
input  and  output  circuits  are  reduced  and  the 
absence  of  the  screen-grid  eliminates  possible 
trouble  in  grounding.  The  d.c.  power  which 
must  be  wasted  in  operating  the  screen  is 
eliminated. 
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Neutralization 

On  the  other  hand,  special  means  must  be 
provided  for  nullifying  the  eSects  of  grid-to- 
plate  capacity  which  would  otherwise  cause 
self-oscillation.  Nullification  of  these  effects  is 
called  neutralization. 

Neutralization  really  amounts  to  taking 
some  of  the  radio-frequency  voltage  from  the 
output  or  input  circuit  of  the  amplifier  and 
introducing  it  into  the  other  circuit  in  such  a 
way  that  it  effectively  “bucks”  the  voltage 
operating  through  the  grid-plate  capacity  of 
the  tube,  thus  rendering  it  impossible  for  the 
tube  to  supply  its  own  excitation.  For  com¬ 
plete  neutralization  it  is  necessary,  therefore, 
that  the  neutralizing  voltage  be  opposite  in 
phase  to  the  voltage  through  the  grid-plate 
capacity  of  the  tube  and  be  equal  to  it  in 
amplitude. 

The  out-of-phase  voltage  can  be  obtained 
quite  readily  by  using  a  balanced  tank  circuit 
in  either  grid  or  plate,  taking  the  neutralizing 
voltage  from  the  end  of  the  tank  opposite 
that  to  which  the  grid  or  plate  is  connected. 
The  amplitude  of  the  neutralizing  voltage  can 
be  regulated  by  means  of  a  small  condenser, 
the  neutralizing  condenser,  having  the  same 
order  of  capacity  as  the  grid-plate  capacity  of 
the  tube.  Circuits  in  which  the  neutralizing 
voltage  is  obtained  from  a  balanced  grid  tank 
and  fed  to  the  plate  through  the  neutralizing 
condenser  are  termed  grid-neutralizing  cir¬ 
cuits,  while  if  the  neutralizing  voltage  is  ob¬ 
tained  from  a  balanced  plate  tank  and  fed  to 
the  grid  of  the  tube,  the  circuit  is  known  as  a 
plale-neutralized  circuit. 

Triode  Amplifiers  with  Plate  Neutralization 

Typical  triode  amplifier  circuits  with  plate 
neutralization  are  shown  in  Fig.  511-A,  -B  and 
-C.  In  circuit  A,  the  usual  tank  coil  is  extended 
several  turns  to  provide  a  “neutralizing  coil” 
which  provides  the  out-of-phase  voltage  which 
is  fed  back  to  the  grid  through  the  neutralizing 
condenser  C».  At  B,  the  tank  coil  itself  is  split. 
The  balance  can  also  be  capacitive,  by  the  use 
of  a  split-stator  tank  condenser  with  grounded 
rotor,  as  shown  in  C. 

Triode  Amplifiers  with  Grid  Neutralization 

Typical  circuits  employing  grid  neutraliza¬ 
tion  are  shown  in  Fig.  511-D,  -E  and  -F.  They 
resemble  those  circuits  with  plate  neutraliza¬ 
tion  except  that  the  neutralizing  voltage  is  ob¬ 
tained  from  a  balanced  input  tank  and  fed 
to  the  plate  of  the  tube.  Circuit  D  is  used  with 
capacity  coupling  between  driver  and  amplifier. 

Push-Pull  Triode  Amplifiers 

Push-pull  triode  amplifiers  employ  what  is 
known  as  “cross-neutralization,”  the  neutraliz- 
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Fig.  5 11  — ■  Triode  amplifier  circuits.  Plate  neutralization  is  shown  in  A ,  B  and  C,  while  D,  E,  and  F  show  types 
of  grid  neutralization.  Capacitive  or  link  coupling  may  be  used  with  circuits  of  A,  B  or  C. 

C-L  —  See  section  on  tank-circuit  design.  Cl  —  0.01  nfd. 

Cg-Lg  — ■  Grid  tank  circuit.  Ca  —  0.001  afd.  or  larger. 

Cn  —  Neutraliziug  condensere  (see  text). 


ing  condensers  being  connected  from  grid  of 
one  tube  to  plate  of  the  other.  Two  circuits  are 
shown  in  Fig.  512.  In  A,  the  voltage  division 
is  by  the  inductive  method,  while  capacitive 
voltage  division  is  used  in  the  circuit  of  B. 

With  proper  physical  arrangement  of  parts, 
a  more  exact  balance  can  be  obtained  with 
push-pull  than  with  a  single  tube  because  both 
sides  of  the  circuit  are  symmetrical.  Hence  these 
circuits  are  often  easier  to  neutralize  than 
single-tube  circuits. 

Comparison  of  Neutralizing  Circuits 

Plate  neutralization  is  usually  to  be  preferred 
to  grid  neutralization  because  it  is  more  diffi- 
cult  to  maintain  an  accurate  balance  in  the  grid 
circuit  with  one  side  of  the  circuit  heavily 
loaded  when  the  tube  draws  grid  current. 

Of  the  plate  neutralizing  circuits,  the  one  of 
Fig.  511-C  is  preferred  because  with  inductive 
voltage  division,  exact  neutralization  can  be 
obtained  at  only  one  frequency.  The  split- 
stator  circuit  also  has  the  advantages  that  the 
input  capacity  of  the  tube  is  reduced,  harmon¬ 
ies  are  more  effectively  suppressed  and  “hand- 
capacity  effects”  of  an  ungrounded  condenser 

Fig.  512  —  Push-pull  triode  amplilier  circuits  with 
*feross-neutralization.*’  Either  capacitive  or  link  cou¬ 
pling  may  be  used. 

C-L  —  See  section  on  tank-circuit  design. 

Ca  —  Neutralizing  condensers  (see  text). 

Ct  —  0.01  gtd. 

Cj  —  0.001  gfd.  or  larger. 
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shaft  are  avoided.  While  an  amplifier  using  the 
circuit  of  B  may  appear  easier  to  drive  com- 
pared  to  circuit  C  because  of  effects  of  regen- 
eration  when  the  tank  circuit  of  B  is  tuned 
slightly  o  ff  resonance,  with  proper  neutraliza- 
tion,  there  should  be  no  difference.  With  push- 
pull  amplifiers,  the  circuit  of  Fig.  512-B  is  also 
preferred  for  the  same  reasons. 

Neutralizing  Condensors 

In  most  cases  the  neutralizing  voltage  will  be 
equal  to  the  r.f.  voltage  between  the  plate  and 
grid  of  the  tube  so  that  for  perfect  balance  the 
capacity  required  in  the  neutralizing  condenser 
theoretically  will  be  equal  to  the  grid-plate 
capacity  of  the  tube  being  neutralized.  If,  in 
the  circuits  having  tapped  tank  coils,  the  tap  is 
more  than  half  the  total  number  of  turns  from 
the  plate  end  of  the  coil,  the  required  neutral¬ 
izing  capacity  will  increase  approximately  in 
proportion  to  the  relative  number  of  turns  in 
the  two  sections  of  the  coil. 

For  those  tubes  having  grid  and  plate  con- 
nections  brought  out  through  the  bulb,  a  con¬ 
denser  having  at  about  half-scale  or  less  a 
capacity  equal  to  the  grid-plate  capacity  of 
the  tube  should  be  chosen.  Where  the  grid  and 
plate  leads  are  brought  through  a  common 
base,  the  capacity  needed  is  greater  because 
the  tube  socket  and  its  associated  wiring  adds 
some  capacity  to  the  actual  inter-element 
capacities.  In  such  cases  a  slightly  larger  con¬ 
denser  should  be  used. 

When  two  or  more  tubes  are  connected  in 
parallel,  the  neutralizing  capacity  required 
will  be  in  proportion  to  the  number  of  tubes. 

Tank- Circuit  Design 

So  far  as  the  plate  efficiency  of  the  tube  itself 
is  concerned,  it  does  not  matter  how  the  load 
resistance  is  obtained;  that  is,  the  tube  will 
work  equally  well  into  an  actual  resistor  or  into 
a  tank  circuit  having  any  practicable  constants 
so  long  as  the  resistance  or  impedance  repre- 
sented  by  the  tank  is  the  desired  value.  How- 
ever,  the  distribution  of  the  power  output  be¬ 
tween  the  tank  circuit  and  the  load  is  affected 
by  the  inherent  (unloaded)  impedance  of  the 
tank  circuit. 

The  impedance  of  the  unloaded  tank  circuit 
at  resonance  is  equal  to  L/CR,  where  L  is  the 
inductance,  C  the  capacity,  and  R  the  effective 
resistance.  The  higher  the  ratio  of  the  unloaded 
tank  impedance  to  the  optimum  load  imped¬ 
ance  for  the  tube,  the  greater  the  proportion  of 
power  transferred  to  the  load.  The  impedance 
of  the  tank  alone  should  be  at  least  ten  times 
the  optimum  load  impedance  for  high  transfer 
efficiency.  The  unloaded  tank  impedance  can 
be  made  high  in  two  ways:  by  lo wering  the 
resistance  through  the  construction  of  low-loss 
coils  and  by  careful  placement  of  parts,  or  by 
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raising  the  L-C  ratio.  With  practicable  cir¬ 
cuits,  it  is  much  easier  to  obtain  high  tank 
impedance  by  using  a  high  L-C  ratio  than  by 
attempting  to  reduce  the  resistance,  although 
every  effort  should  of  course  be  made  to  reduce 
losses. 

Tank  Impedance  and  Harmonie  Output 

When  a  high-impedance  tank  circuit  is  used, 
along  with  high  grid  bias  and  large  values  of 
excitation  voltage,  a  large  proportion  of  the 
power  output  is  on  harmonies  of  the  funda- 
mental  frequency. 

Should  the  circuit  conditions  be  such  that 
the  harmonies  cause  circulating  currents,  there 
is  a  power  loss  which  reduces  the  overall  effi¬ 
ciency  of  the  amplifier.  In  general,  it  will  be 
found  that  any  means  employed  in  the  output 
circuit  to  reduce  harmonies  also  will  result  in 
an  improvement  in  efficiency.  A  fair  amount 
of  flywheel  effect  also  improves  the  stability 
of  the  amplifier  and  makes  its  tuning  more 
satisfactory. 

Because  harmonie  reduction  calls  for  con- 
siderable  flywheel  effect,  and  consequently  for 
a  fairly  large  ratio  of  capacity  to  inductance, 
while  high  transfer  efficiency  requires  high  un¬ 
loaded  tank  impedance  (high  L-C  ratio)  in 
practice  a  compromise  must  be  made  between 
these  two  conflicting  factors. 

The  amateur  is  chiefly  concerned  with  the 
harmonie  energy  radiated  because  of  the  danger 
of  interference  to  services  operating  in  fre- 
quencies  not  assigned  to  amateurs.  The  radi- 
ation  of  harmonies  is  influenced  by  the  type  of 
antenna,  its  feed  system,  and  the  method  of 
coupling  between  the  antenna  system  and  the 
final  amplifier  as  well  as  the  tank-circuit  L-C 
ratio  and  the  excitation  voltage  so  that  it  is 
obviously  impossible  to  fix  rigid  rules  for  de- 
termining  the  value  of  capacity  to  be  used  in 
the  tank  circuit.  Some  sort  of  compromise  is 
struck  by  basing  tank-capacity  calculations 
on  a  circuit  “Q”  of  12.  Too  much  faith  should 
not  be  placed  in  this  figure,  however,  because 
it  does  not  take  into  consideration  wave  shape 
upon  which  the  harmonie  content  in  the  out¬ 
put  chiefly  depends.  It  represents  a  fair  av¬ 
erage,  however,  and  if  serious  harmonie  radi- 
ation  is  experienced,  it  can  usually  be  reduced 
satisfactorily  by  proper  adjustment  of  the  an¬ 
tenna  system  and  its  coupling  to  the  final  am¬ 
plifier.  (See  Chaps.  14  and  22.) 

The  capacity  required  to  give  a  “Q”  of  12 
may  be  determined  from  the  chart  of  Fig.  513. 
It  is  necessary  only  to  know  the  plate  voltage 
and  plate  current  in  ma.  at  which  the  amplifier 
is  to  operate.  If  a  push-pull  amplifier  is  used,  or 
the  tank  coil  tapped  at  the  center  or  a  split- 
stator  condenser  used  for  neutralizing,  the 
total  tank  capacity  may  be  reduced  to  one- 
quarter  of  the  values  given  by  the  graph.  This 


meana  that  the  capacity  of  each  section  of  a 
split-stator  condenser  will  be  one-half  of  the 
capacity  shown  by  the  graph.  In  determining 
the  ratio  of  plate  voltage  to  plate  current,  it 
should  be  remembered  that  the  plate  current 
of  tubes  in  parallel  or  push-pull  will  be  twice 
that  of  a  single  tube. 

As  an  example,  a  beam  tube,  not  requiring 
a  balanced  tank  circuit  for  neutralization,  op- 
erating  at  1000  volts,  100  ma.  (ratio  10/1) 
will  require  a  tank  capacity  of  100  /u/ffds.  for 
3.5  Mc.  Two  similar  tubes  in  parallel  (200  ma. 
—  ratio  5/1)  will  require  200  jupfds.  Two  sim¬ 
ilar  tubes  in  push-pull  (ratio  5/1)  will  require 


a  total  tank  capacity  of  or  50  /a/ifds.  and 


if  a  split-stator  condenser  is  used,  the  capacity 
should  be  100’ ^fds.  per  section. 

As  a  seeond  example,  a  triode  requiring  a 
balanced  tank  circuit  for  neutralization  op- 


Fig.  513. — Chart  showing  tank -capacities  required 
for  “Q”  of  12  with  varioua  ratios  of  plate  voltage  to 
plate  current  for  various  frequene.ies.  In  circuits  F,  G, 
H  (Fig.  5X4),  the  capacities  shown  in  the  graph  may  be 
divided  by  four.  In  circuits  C,  D,  E,  I,  J  and  K,  the 
capacity  ,  of  each  section  of  the  split-stator  condenser 

may  be  one-half  that  shown  by  the  graph.  Yalues  given 

by  the  graph  should  be  used  for  circuits  A  and  B. 
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erating  at  1000  volts,  100  ma.  (ratio  10/1) 
will  require  a  total  capacity  of  25  /qffds.  or  50 
/iip fds.  per  section  if  a  split-stator  condenser  is 
used.  Two  similar  tricdes  in  parallel  (ratio 
5/1)  will  require  a  total  of  50  ppfds.  or  100 
ppfds.  per  section  if  a  split-stator  condenser  is 
used.  Two  similar  triodes  in  push-pull  (ratio 
5/1)  will  require  the  same  capacities. 

Reasonable  departures  from  these  figures 
would  not  affect  the  operation  of  the  amplifier 
appreciably.  An  increase  in  capacity  will 
cause  some  decrease  in  both  transfer  efficiency 
and  harmonie  output,  while  a  decrease  in  the 
capacity  wrill  have  the  opposite  effects.  The 
increase  in  harmonie  radiation  with  less  ca¬ 
pacity  might  be  controlled  by  proper  antenna 
coupling. 

Tank-Condenser  Voltage  Rating 

The  peak  voltage  to  be  expected  between 
the  plates  of  a  tank  condenser  depends  upon 
the  arrangement  of  the  tank  circuit  as  well  as 
the  d.c.  plate  voltage  of  the  tube  or  tubes  in 
use.  Peak  voltage  may  be  determined  from 
Fig.  514  which  shows  all  of  the  commonly  used 
tank-circuit  arrangements.  These  estimates  of 
voltage  assume  that  the  amplifier  is  loaded. 
Since  a  c.w.  amplifier  may  be  tuned  up  with¬ 
out  load  with  a  resulting  rise  in  peak  r.f.  volt¬ 
age,  while  a  modulated  amplifier  should  never 
be  operated  without  load,  the  voltage  for 
phone  should  be  used  in  selecting  a  suitable 
tank  condenser  for  either  c.w.  or  phone  unless 
tuning  of  the  c.w.  amplifier  is  done  at  reduced 
plate  voltage.  The  figures  include  a  reasonable 
factor  of  safety. 

The  spacing  required  to  withstand  any  par- 
ticular  voltage  will  vary  with  the  construction 
of  the  condenser.  Most  manufacturers  specify 
peak  voltage  ratings  for  their  condensers. 

Determining  Inductance 

Once  the  required  tank  capacity  and  fre- 
quency  are  determined,  the  tank  coil  dimen- 
sions  can  be  found.  This  may  be  done  with  the 
help  of  the  L-C  and  inductance  formulas  in 
Chapter  20,  or  if  Standard  coil  forms  are  used, 
the  eharts  of  Figs.  516  and  517  will  give  the 
required  number  of  turns  directly.  Using  the 
chart  which  applies  for  the  type  of  coil  form 
or  coil  in  question,  read  on  the  appropriate 
frequency  curve  the  number  of  turns  required 
for  the  tank  capacity  value  already  determined. 
The  optimum  tank  LC  ratio  will  result. 

Fig.  516  is  for  coils  wound  on  receiving-type 
forms  having  a  diameter  of  l)^  inches  and 
ceramic  forms  having  a  diameter  of  1  %  inches 
and  winding  length  of  3  inches  (National 
XR13).  Such  coils  would  be  suitable  for  os- 
cillator  and  buffer  stages  where  the  power  to 
be  carried  is  not  over  50  watts.  In  all  cases  the 
number  of  turns  given  must  be  wound  to  fit 
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Fig.  514  —  In  circuits  A,  B,  C,  D  and  E,  the  peak  voltage  E  will  be  equal  to  the  d.c.  plate  voltage  applied  for 
c.w.  or  twice  this  value  for  phone.  In  circuits  F,  G,  H,  I,  J  and  K,  the  peak  voltage  E  wil)  be  twiee  the  d.c.  plate 
voltage  for  c.w.  or  4  times  the  plate  voltage  for  phone.  Circuit  is  assumed  to  he  loaded  (see  test).  Tuhes  in  parallel 
in  any  of  the  circuits  will  not  affect  the  peak  voltage.  Circuits  A,  C,  E,  F,  G  and  H  require  that  the  tank  condenser 
be  insulated  front  chassis  or  ground  and  be  provided  with  a  suitably  insulated  ghaft  coupling. 


the  length  indicated;  the  turns  should  be 
spaced  out  evenly  either  by  winding  wire  or 
string  of  suitable  size  between  turns,  or,  in  the 
case  of  those  having  few  turns,  by  hand. 

Fig.  517  gives  data  on  coils  wound  on  trans- 
mitting-type  ceramic  forms.  Five  popular 
types  of  forms  are  indicated.  In  the  case  of  the 
smallest  forin,  extra  curves  are  given  for 
double-spacing;  that  is,  winding  turns  in  al- 
ternate  grooves.  This  is  sometimes  advisable 
in  the  case  of  14-  and  28-Mc.  coils  when  only 
a  few  turns  are  required.  In  all  other  cases  it 
is  assumed  that  the  specified  number  of  turns 
is  wound  in  the  grooves  without  any  additional 
spacing.  Notes  on  eoil  construction  will  be 
found  in  Chapter  7. 

Values  and  Voltage  Ratings  of  By-Paas  and 
Coupling  Condensers 

Plate-  or  screen-circuit  by-pass  condensers 
of  0.001  jufd.  should  be  satisfactory  for  fre- 
quencies  as  low  as  1.7  Mc.  The  capacity 
should  not  exceed  0.002  pfd.  if  connected 
across  a  modulated  circuit.  Cathode-resistor 
and  filament  by-passes  in  r.f.  circuits  should  be 
not  less  than  0.01  pfd.  Condensers  should  have 


+  H.V. 


Fig.  5 15  —  Use  of  blocking 
condenser  permita  smaller  plate 
spacing  with  split-stator  condens¬ 
ers.  C  should  have  a  capacity  of 
0.001  to  0.002  gid.  and  a  voltage 
rating  3  to  4  times  the  d.c.  volt¬ 
age.  Condenser  control  must  be 
suitably  insulated. 


voltage  ratings  25  to  50%  greater  than  the 
d.c.  voltage  across  them  except  in  modulated 
circuits  where  the  voltage  rating  should  be 
two  to  three  times  the  d.c.  voltage.  Blocking 
condensers  may  have  capacities  of  0.0005  pfd. 
or  more  with  voltage  ratings  similar  to  those 
for  by-pass  condensers. 

Coupling  condensers  should  have  voltage 
ratings  equal  to  50  to  100%  more  than  the 
sum  of  the  driver  plate  and  amplifier  biasing 
voltages.  Values  run  from  0.002  to  0.00005 
jufd.  or  less,  depending  upon  requirements. 

Excitation  Requirements 

The  amount  of  driving  power  which  will  be 
required  for  any  particular  tube  depends  upon 
several  factors.  If  the  amplifier  is  heavily 
loaded,  it  will  require  more  driving  power  to 
maintain  the  same  plate  efficiency  of  a  more 
lightly  loaded  amplifier.  If  high  plate-circuit 
efficiency  is  desired,  greater  driving  power  will 
be  required  than  if  the  tube  is  operated  at 
moderate  plate  efficiency.  In  general,  greater 
driving  power  will  be  required  as  the  frequency 
of  operation  increases  because  of  higher  circuit 
and  tube  losses.  The  required  driving  power 
will  also  vary  depending  upon  whether  or  not 
the  amplifier  is  to  be  modulated  and,  if  so, 
upon  the  system  of  modulation  used. 

Beam-type  tetrodes  and  pentodes  require 
verylittle  driving  power  (1  to  15  watts)  while 
high-power  triodes  used  in  amateur  transmit- 
ters  may  require  a  driver  delivering  as  much  as 
100  watts  or  more. 

Fig.  518  illustrates  how  the  driving  power  re¬ 
quired  varies  with  plate-circuit  efficiency.  The 
curves  are  typical  of  triodes.  Fixed  values  of 
load-resistance  and  grid  bias  are  assumed.  The 
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Fig.  516  —  Coil- wind¬ 
ing  data  for  receiving- 
type  forms,  diameter  \}/i 
inches.  Curve  A  — -  wind-**-  200 
ing  lengt  h,  one  inchjx^ 
Curve  B  —  winding  length,  ^  . Rr. 
1%  inches;  Curve  C — 
winding  length,  2  inches. 

Af  ter  determining  the 
numher  of  tums  for  the 
capacity  and  frequency 
hand  to  be  used,  consult 
the  wire  table  in  Chaptcr 
Twenty  to  find  the  wire 
size  which  will  fit  in  the 
space  available.  No.  18  VJ) 
wire  is  about  the  largest  ^ 
size  that  need  he  used;  ^ 
larger  sizes  are  difficult  to  ^ 
handle  on  this  type  of 
form.  Curve  C  is  also  suit-  sj 
able  for  coils  wound  on  JjC 
1% -inch  diameter  cera- 
mie  forms  with  3  inches  of  Vj 
winding  length.  ^ 
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curves  show  that  output  and  efficiency  increase 
rapidly  at  first  as  the  excitation  is  increased, 
then  more  slowly.  The  grid  driving  power 
curve  rises  rapidly  beyond  the  maximum 
power  amplification  ratio,  showing  that  a 
relatively  large  increase  in  excitation  is  neces- 
sary  to  produce  a  comparatively  small  increase 
in  power  output  and  efficiency  once  the  opti¬ 
mum  point  —  just  to  the  right  of  the  bend  in 


the  output  and  efficiency  curves  —  is  passed. 

Assuming  fixed  plate  voltage  and  load  re- 
sistance,  there  is  an  optimum  bias  value  which 
will  give  best  results  for  every  value  of  excita¬ 
tion  voltage.  The  greater  the  excitation,  the 
greater  should  be  the  bias.  The  power  con- 
sumed  in  the  amplifier  grid  circuit  also  is 
greater  under  these  conditions.  The  grid  power, 
furnished  by  the  driver,  is  dissipated  in  the 


Fig.  517  —  Coil-wind- 
ing  data  for  ceramic  trans- 
mitting-type  forms.  Curve 
A  — -  ceramic  form  2  l/i- 
inch  effective  diameter,  26 
grooves,  7  per  inch;  Curve 
B  —  same  as  A,  but  with 
turns  wound  in  alternate 
grooves;  Curve  C  —  ce¬ 
ramic  form  2J6-inch  effec¬ 
tive  diameter,  32  grooves, 
7.1  turns  per  inch,  app.; 
Curve  D  —  ceramic  form 
4-inch  effective  diameter, 
28  grooves,  5.85  turns  per 
inch,  app.;  Curve  E  — 
ceramic  form  5 -inch  effec¬ 
tive  diameter,  26  grooves, 
7  per  inch.  Coils  may  be 
wound  with  No.  12  or  No. 
14  wire. 
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Fig.  518 —  Effect  of  griel  excitation  on  power  ampli- 
fier  performance. 


grid-filament  circuit  of  the  tube,  appearing  as 
heat  at  the  grid,  in  the  bias  supply,  and  also, 
particularly  at  the  higher  frequencies,  as 
dielectric  loss  in  the  glass  of  the  tube. 

In  the  case  of  the  beam  tetrodes  and  pen- 
todes,  the  power  output  may  actually  decrease 
after  excitation  exceeds  a  rather  critical  value. 
Since  the  driving  power  required  by  tubes  of 
these  types  is  quite  small,  care  must  be  taken 
to  avoid  over-driving.  (Bib.  3). 

Measurement  of  Excitation 

Measurement  of  the  r.f.  excitation  voltage  is 
difficult  without  special  apparatus  such  as  a 
vacuum-tube  voltmeter,  so  it'is  customary  to 
take  the  rectified  current  as  a  measure  of 
the  r.f.  voltage  and  power  supplied  to  the  grid 
circuit  of  the  amplifier.  Under  a  given  set  of 
conditions,  the  higher  the  grid  current  the 
greater  is  the  excitation  voltage.  However,  a 
change  in  load  resistance  or  a  change  in  fixed 
bias  or  grid-leak  resistance  will  cause  a  change 
in  the  value  of  d.c.  grid  current  for  the  same 
excitation  voltage,  so  that  readings  taken 
under  different  operating  conditions  are  not 
comparable. 

Efficiency  and  Output 

The  attainable  plate  efficiency  is  of  great 
importance  in  determining  the  operating  con¬ 
ditions  for  the  amplifier.  If  the  safe  plate  dissi- 
pation  rating  of  the  tube  were  the  only  con- 
sideration,  it  would  be  desirable  to  obtain  the 
highest  possible  plate  efficiency,  since  the 
power  output  would  be  limited  solely  by  the 
efficiency.  For  example,  a  tube  having  a  plate 
dissipation  rating  of  100  watts  operating  at 
a  plate  efficiency  of  90%  could  handle  an  input 
of  1000  watts,  giving  900  watts  output,  while 
the  same  tube  at  70%  efficiency  could  handle 
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an  input  of  only  333  watts,  giving  an  output  of 

233  watts.  The  plate  dissipation  —  the  differ- 
ence  between  input  and  output  —  is  the  same 
in  both  cases,  100  watts. 

There  are  other  considerations,  however, 
which  limit  the  useful  plate  efficiency.  As- 
suming  that  the  total  plate  input  is  not  to  ex- 
ceed  the  manufacturer’s  ratings  for  the  tube, 
the  difference  between  70%  and  90%  efficiency 
is  not  so  great.  For  instance,  taking  the  same 
100  watt  tube  and  assuming  that  the  70% 
efficiency  condition  corresponds  with  the  rat¬ 
ings,  an  efficiency  of  90%  would  increase  the 
output  to  only  300  watts  (333  watts  input). 
The  additional  67  watts  of  output,  an  increase 
of  about  27%,  would  require  inordinately 
large  driving  power  because,  as  shown  by 
Fig.  518,  the  efficiency  increases  very  slowly 
beyond  the  optimum  point,  while  the  reverse 
is  true  of  the  driving  power  required. 

A  second  factor  which  limits  the  usable  effi¬ 
ciency  is  the  fact  that  high  values  of  efficiency 
are  attained  only  through  the  use  of  high 
values  of  load  resistance,  which  in  turn  re- 
quires  the  use  of  very  high  plate  voltage.  Not 
all  tubes  are  suited  to  operation  at  plate  volt¬ 
ages  much  above  their  normal  ratings,  while 
from  an  economie  standpoint  a  high-voltage 
power  supply  may  represent  greater  cost  than 
the  installation  of  a  second  tube  operating 
at  lower  voltage  to  give  the  same  order  of 
total  power  output,  but  at  lower  plate  effi¬ 
ciency. 

Grid  Bias 

For  efficiënt  tube  operation,  it  is  essen tial 
that  plate  current  be  drawn  in  pulses  which 
occupy  only  a  small  part  of  the  complete  r.f. 
cycle,  and  that  the  peak  value  of  the  plate 
current  pulse  be  several  times  the  average  d.c. 
plate  current  value  as  read  by  a  milliammeter. 
This  requirement  is  met  by  using  grid  bias 
considerably  larger  than  that  necessary  to  cut 
off  plate  current  (without  excitation)  at  the 
operating  d.c.  plate  voltage.  It  is  customary  to 
operate  with  grid  bias  equal  to  twice  the  cut- 
off  value,  and  where  higher  than  ordinary 
efficiency  is  to  be  obtained,  with  even  larger 
values.  This  method  of  operation  requires  cor- 
respondingly  large  grid  excitation  voltage  and 
power. 

Maximum  plate  efficiency  will  result  when 
high  bias,  large  excitation  power,  and  a  high 
value  of  load  resistance  or  impedance  are  used. 
If  the  excitation  is  low,  both  grid  bias  and 
plate  load  impedance  must  be  reduced  for 
maximum  output,  although  the  efficiency  will 
be  comparatively  low.  The  greatest  power  am- 
plification  ratio  and  maximum  output  with 
small  excitation  usually  result  when  the  bias 
is  set  at  the  cut-off  value.  Under  these  condi¬ 
tions  the  plate  efficiency  seldom  exceeds  fifty 


to  sixty  per  cent.  Plate  efficiencies  of  75%  are 
usual  when  the  bias  is  twice  cut-ofi  and  the 
tube  is  adequately  excited. 

Amplifier  Loading 

The  plate  tank  circuit,  together  with  the 
apparatus  coupled  to  it  (an  antenna  or  follow- 
ing  amplifier  stage)  constitutes  the  plate  load 
for  the  tube.  When  the  tank  is  tuned  to  reso- 
nance  with  the  exciting  frequency,  it  is  prac- 
tically  equivalent  to  resistance  only,  so  that  it 
is  customary  to  refer  to  the  load  circuit  as  a 
resistance  or  impedance.  The  value  of  equiva¬ 
lent  resistance  represented  by  the  tank  circuit 
is  dependent  upon  the  ratio  of  inductance 
to  capacity,  upon  the  inherent  r.f.  resist¬ 
ance  of  the  coil  and  condenser  making  up 
the  tank,  and  upon  the  effective  resistance 
coupled  into  the  tank  from  the  external  circuit 
to  which  it  is  supplying  power.  The  tank  re¬ 
sistance  or  impedance  decreases  as  the  coupling 
to  the  external  circuit  is  increased,  and  also 
decreases  as  the  ratio  of  inductance  to  capacity 
is  decreased. 

The  value  of  load  resistance  or  impedance 
which  will  give  optimum  power  output  and 
efficiency  depends  upon  the  grid  bias  and  ex- 
citation  voltage. 

Output  Coupling 

Coupling  systems  for  use  between  amplifier 
stages  have  already  been  discussed.  Many  ar- 
rangements  have  been  devised  for  coupling  the 
output  of  an  amplifier  to  the  antenna  system. 
The  system  most  suitable  for  the  purpose  will 
depend  chiefly  upon  the  details  and  character- 
istics  of  the  antenna  system  and  will  be  taken 
up  in  detail  in  the  section  on  antennas.  Either 
capacitive  or  inductive  forms  of  coupling  may 
be  used,  but  the  latter  are  preferred  because  of 
their  discrimination  against  the  transference  of 
energy  at  harmonie  frequencies.  The  antenna 
itself  (the  radiating  portion  of  the  antenna  sys¬ 
tem)  is  rarely  coupled  directly  to  the  output  of 
the  amplifier  except  at  the  lower  frequencies. 
At  the  higher  frequencies,  a  transmission  line 
of  some  sort  is  used  between  the  transmitter 
output  circuit  and  the  antenna. 

Part  of  the  transmission  line  or  antenna  may 
be  in  the  form  of  a  coil  coupled  to  the  output- 
amplifier  tank  circuit.  A  low-impedance  line 
similar  to  that  used  in  interstage  link  coupling 
may  be  used  to  couple  the  amplifier  tank  cir¬ 
cuit  to  a  separate  tank  circuit  which,  in  turn, 
is  connected  to  the  antenna  or  transmission 
line.  Sometimes  a  low-pass  filter  is  used  to 
couple  the  output  tank  circuit  to  the  antenna 
system. 

•  FREQUENCY  MULTIPLICATION 

Frequency  multipliers  are  universally  used 
in  amateur  trapsputters  so  that  output  can  be 
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secured  on  higher-frequency  bands  than  that 
for  which  the  crystal  is  cut.  Although  crystals 
are  available  for  fundamental  operation  on 
frequencies  as  high  as  the  28-Mc.  band,  the 
relatively  lower  cost  of  the  1.75-,  3.5-  and  7- 
Mc.  crystals  favors  the  use  of  these  crystal  fre¬ 
quencies,  with  frequency  multipliers  for  the 
other  bands.  In  addition,  usually  it  is  more 
convenient,  as  well  as  less  expensive,  in  multi- 
band  transmitters  to  have  all  crystals  ground 
for  one  low-frequency  band. 

The  frequency  multiplier  or  harmonie  gener¬ 
ator  is  a  tube  having  its  plate  tank  circuit 
tuned  to  a  harmonie  of  the  frequency  applied 
to  its  grid.  Otherwise,  the  circuit  is  the  same 
as  that  of  an  ordinary  power  amplifier.  lts 
effectiveness  as  a  generator  of  harmonies 
depends  upon  the  tube  characteristics  and 
the  way  in  which  it  is  operated.  Since  the 
amateur  bands  are  in  even-harmonic  relation, 
the  harmonies  of  chief  interest  are  the  second, 
fourth,  eighth,  and  so  on.  In  practice,  the 
frequency  multiplier  is  inefficiënt  on  harmonies 


A 


F*] 


B 

Fig.  519  —  Frequency-multiplying  circuits.  A  shows 
circuit  for  single  or  parallel  tubes.  The  arrangement  at 
B  is  known  as  the  "push-push”  doubler  circuit.  Either 
capacitive  or  link  coupling  may  be  used. 

C-L  — *Thc  tank  circuit  with  frequency  multipliers 
should  have  low  valuea  of  C.  C  should  be  about  50  /x/xfd. 
for  the  lower  frequencies  and  about  25  ppfd.  at  14  Mc. 
and  higher  frequencies.  Coil  dimensions  may  be  selected 

from  the  graphs  of  Figs.  516  and  517.  Ci~  0.01  ufd.; 

£2  - —  0.001  >ifd.  or  larger. 
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higher  than  the  second,  so  the  second-harmonic 
multiplier  or  doubler  is  in  most  eommon  use. 

Since  the  input  and  output  circuits  of  a 
doubler  are  not  tuned  to  the  same  frequency 
there  is  no  tendency  toward  self-oscillation, 
even  with  unneutralized  tri  odes.  Neutraliza- 
tion  of  doublers  is  quite  eommon,  however, 
because  the  same  stage  often  is  used  as  a 
straight  amplifier;  in  addition,  neutralization 
may  actually  improve  the  efficiency. 

Doublet  Operating  Conditions 

To  obtain  maximum  output  and  efficiency 
from  the  doubler  it  is  necessary  to  use  high 
negative  grid  bias  on  the  tube  —  considerably 
more  than  doublé  cut-oö  —  and  excite  it  with 
a  correspondingly  high  radio-frequency  volt¬ 
age.  This  accentuates  harmonie  generation  in 
the  plate  circuit.  A  low-C  tank  in  the  plate 
circuit  is  also  desirable.  In  general,  a  tube  hav- 
ing  a  relatively  large  amplification  factor  is  to 
be  preferred  as  a  doubler  because  relatively 
low  bias  and  excitation  voltage  will  give  high 
distortion.  Pentodes,  beam  tetrodes  and  high-p 
triodes  all  make  good  doublers. 

The  efficiency  and  output  of  a  doubler  can 
be  increased  by  feeding  some  of  the  energy  in 
the  plate  circuit  back  to  the  grid  to  cause  regen- 
eration,  provided  the  process  is  not  carried  so 
far  that  the  tube  breaks  into  self-oscillation. 
One  of  the  most  satisfactory  ways  of  introduc- 
ing  regeneration  is  through  neutralizing  the 
frequency  multiplier  by  one  of  the  methods  in 
which  the  neutralizing  voltage  is  fed  from  the 
plate  circuit  to  the  grid.  The  single-tube  cir¬ 
cuits  of  Fig.  511  are  examples.  When  the  tube 
is  properly  neutralized  it  cannot  oscillate,  yet 
the  feedback  at  the  harmonie  frequency  is 
sufficiënt  to  increase  the  output  and  efficiency 
of  the  doubler  to  a  worth-while  extent. 

The  grid  leak  for  a  doubler  may  in  general 
have  a  resistance  from  two  to  five  times  that 
recommended  for  the  tube  as  a  straight  am¬ 
plifier.  The  driving  power  required  for  good 
doubling  efficiency  will  be  two  or  three  times 
greater  than  that  necessary  for  efficiënt 
straight  amplification. 

Push-pull  amplifiers  cannot  be  used  as  dou¬ 
blers  because  the  second  and  other  even  har¬ 
monies  are  cancelled  in  the  output.  They  can 
be  used  as  triplers,  however,  the  output  cir¬ 
cuit  being  tuned  to  the  third  harmonie.  They 
are  not  very  often  used  in  this  way  because  the 
frequency  relations  of  the  amateur  bands  are 
such  that  even-harmonic  output  is  necessary. 

Doubler  Circuits 

The  simple  triode  doubler  circuit  is  shown  in 
Fig.  519-A.  Screen-grid  or  pentode  doubler 
circuits  are  exactly  the  same  as  the  straight 
amplifier  diagrams  given  in  Fig.  510.  The  plate 
tank  is  simply  tuned  to  the  second  harmonie 
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iaetead  of  the  fundamental  frequency.  Neutral¬ 
ized  circuits  such  as  those  in  Fig.  511  also  can 
be  used. 

Special  circuits  for  frequency  doubling  also 
have  been  employed;  one  which  is  often  used 
is  shown  in  Fig.  519-B.  In  this  circuit  two 
tubes  are  used;  the  excitation  is  fed  to  the 
grids  in  push-pull  while  the  plates  of  the  tubes 
are  connected  in  parallel.  Thus  the  tubes  work 
alternately,  and  the  output  circuit  receives  two 
impulses  for  each  r.f.  cycle  at  the  grids,  result- 
ing  in  all  second-harmonic  output.  This 
circuit  gives  quite  good  efficiency,  although  re- 
quiring  two  tubes.  If  is  often  called  a  “push- 
push”  doubler.  In  low-power  stages,  twin  tri¬ 
odes  such  as  the  53  and  6A6  can  be  used  as 
single-tube  push-push  doublers.  The  high  am¬ 
plification  factors  of  these  two  types  make 
them  especially  suitable  for  this  purpose. 

A  circuit  of  this  type  is  not  suitable  in  cases 
where  a  stage  is  to  be  used  both  as  a  straight 
amplifier  and  a  doubler,  since  it  will  not  oper- 
ate  efficiently  as  a  straight  amplifier. 

Planning  a  Tranamitter 

Essentially,  a  transmitter  is  simply  an  oscil- 
Iator  followed  by  a  series  of  amplifiers  to  raise 
the  power  of  output  level  to  the  desired  figure. 
Some  of  the  amplifiers  will  be  frequency  multi¬ 
pliers,  if  output  is  desired  on  a  frequency 
higher  than  that  on  which  the  oscillator  oper- 
ates.  The  problem  of  designing  a  transmitter, 
therefore,  is  that  of  deciding  upon  the  number 
of  stages  to  use,  the  kind  of  tubes  to  use,  and 
upon  choosing  correct  operating  conditions. 

Tranamitting  Tubes 

A  great  many  types  of  transmitting  tubes 
are  available  for  amateur  work.  They  are  listed 
in  the  tube  tables  in  Chapter  20,  together 
with  sets  of  typical  operating  conditions  for 
the  various  types.  When  a  tube  capable  of  the 
desired  power  output  is  decided  upon,  the  next 
step  in  Iaying  out  the  transmitter  is  to  select 
an  oscillator  circuit  and  to  decide  upon  the 
band  in  which  the  crystals  are  to  operate.  The 
features  of  the  various  oscillator  circuits  have 
been  treated  earlier  in  the  chapter.  We  then 
have  the  beginning  and  the  end  of  the  trans¬ 
mitter,  and  it  becomes  necessary  to  choose  in- 
termediate  stages  which  will  be  sure  to  deliver 
enough  power  to  the  grid  of  the  final  tube  to 
excite  it  properly.  Reference  to  the  tube  tables 
(Chapter  20)  will  be  of  assistance. 

In  Iaying  out  any  transmitter  it  is  decidedly 
good  practice  to  be  conservative  throughout. 
Be  sure  to  pro  vide  more  than  just  enough  ex¬ 
citation  for  each  stage;  the  driving-power  fig- 
ures  given  in  the  tube  tables,  for  instance,  do 
not  include  an  allowance  for  losses  in  the  grid- 
tank  circuit  or  in  coupling  between  the  driver 
and  amplifier.  Likewiee,  the  power  output  fig- 
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ures  are  total  output,  and  do  not  include  tank 
los8es.  In  every  case  the  driver  should  be  capa- 
ble  of  supplying  two  to  three  times  the  driving 
power  specified  in  the  tube  tables. 

For  straight  amplifier  exciting  stages,  it  is 
best  not  to  figure  on  more  than  about  60% 
overall  efficiency,  to  include  an  allowance  for 
losses  in  tank  circuits  and  coupling  devices. 
Doublers  work  at  lower  efficiency;  40%  is  a 
fairly  conservative  figure.  Remember  that  a 
doubler  requires  high  bias  and  hence  more 
excitation  than  a  straight  amplifier,  probably 
two  or  three  times  as  much.  With  these  figures 
in  mind,  it  is  not  difficult  to  select  a  tube  com- 
bination  which  will  be  sure  to  work. 

•  EXCITER  UNITS 

When  a  transmitter  is  to  work  on  several 
bands,  it  becomes  necessary  to  supply  the 
same  amount  of  excitation  power  to  the  ampli¬ 
fier  over  a  wide  range  of  frequencies.  There  are 
several  ways  of  meeting  this  problem,  one  of 
which  is  to  use  a  series  of  small  tubes  as  oscilla- 
tors  and  doublers,  taking  output  from  the 
tube  working  on  the  desired  frequency.  The 
power  level  is  then  built  up  by  straight  ampli- 
fiers.  Other  methods  employ  only  a  few  tubes 
but  use  special  circuits  such  as  the  Tri-tet  or 
grid-plate  oscillator  which  can  give  output  on 
harmonies  as  well  as  the  fundamental  crystal 
frequency.  A  unit  designed  for  giving  approxi- 
mately  the  same  output  for  excitation  pur- 
poses  on  several  bands  is  called  an  “exciter 
unit.” 

The  output  of  an  exciter  unit  may  vary  from 
a  few  watts  to  a  hundred  or  so,  depending 
upon  the  design.  Usually  the  exciter  covers  at 
least  three  bands,  although  many  can  operate 
in  five.  It  is  evident  that  the  exciter  also  can 
be  used  as  a  multi-band  transmitter  of  low  or 
moderate  power  output. 

Exciter  units  may  utilize  plug-in  coils  for 
band  changing  or  may  achieve  the  same  end 
by  a  switching  arrangement.  Often  a  com- 
bination  of  both  is  used.  A  good  exciter  is  the 
first  requisite  of  a  multi-band  transmitter. 

•  BAND-SWITCHING 

In  the  exciter  units,  where  efficiency  may 
often  be  of  less  importance  than  operating  con- 
venience,  some  of  the  circuits  may  be  designed 


to  cover  two  bands  with  a  single  coil  by  the 
use  of  a  large  tuning  condenser.  This  method  is 
not  suitable  for  higher-power  amplifiers  be- 
cause  it  is  impossible  to  provide  optimum  C 
for  the  tank  circuit  at  both  extremes  of  the 
range. 

Several  Systems  have  been  worked  out 
whereby  an  inductance  change  instead  of  a 
capacity  change  is  employed  in  shifting  opera- 
tion  from  one  band  to  another.  In  one  System, 
switches  are  employed  to  short-circuit  turns 
of  a  low-frequency  coil  to  render  it  suitable  for 
higher  frequencies.  This  method  is  very  con- 
venient  and  involves  no  appreciable  losses  in 
covering  three  bands.  In  a  second  method, 
separate  appropriate  tank  coils  are  provided 
for  each  band  while  a  system  of  switches  is 
used  to  switch  connections  between  the  tank 
condenser  and  one  or  another  of  the  coils. 
A  third  method,  used  in  exciters,  employs  a 
system  of  switches  to  cut  frequency-doubling 
stages  in  or  out  of  the  circuit  as  desired. 

Ganged  Tuning 

The  tuning  Controls  of  a  transmitter  may 
be  ganged  as  easily  as  those  of  a  receiver  and 
the  same  principles  apply.  One  of  the  most  sat- 
isfactory  systems  employs  the  tapped-coil 
band-spread  and  tracking  system.  A  self- 
controlled  oscillator  is  required  for  complete 
frequency  coverage,  of  course  (Bib.  4). 

Metering 

In  order  to  adjust  a  transmitter  for  proper 
operation,  certain  meters  are  almost  indis- 
pensable.  The  most  useful  of  all  is  the  d.c. 
milliammeter  for  reading  plate  current  in  each 
stage.  An  additional  d.c.  milliammeter  is 
highly  desirable  for  measuring  the  rectified 
grid  current  in  each  stage.  A  low-voltage  a.c. 
meter  for  checking  filament  voltages  and  a  high 
voltage  d.c.  meter  for  checking  plate  voltages 
need  not  be  built  into  the  transmitter,  but  will 
be  found  extremely  useful  around  the  amateur 
station.  A  thermo-ammeter  for  reading  r.f. 
antenna  or  feeder  current  will  help  in  checking 
the  adjustment  of  the  transmitter,  although 
it  is  not  strictly  necessary.  Information  on 
meter  applications  will  be  found  in  Chapter 
13. 


Bibliography 

1  “An  An«ww  to  the  E.C.O.  Problem,”  Perrine,  QST,  Sept.  1939.  “Electron-Coupled  v».  Crystal  Transmitter 
Control,”  Mix,  QST,  April  1936. 

2  “A  Practical  Survey  of  Pentode  and  Beam  Tube  Crystal  Oscillator», Lamb,  QST,  April  1937. 

8  “The  Operation  of  R.F.  Power  Amplifiers,”  Robinson,  Part  I,  QST,  Feb.  1934;  Part  II,  April  1934. 

4  “Gang  Tuning  for  the  Multi-Stage  Transmitter,”  Mix.  QST,  June  1938. 

5  “One  Crystal — -Two  Tubes  —  Five  Bande,”  Ferrill,  QST,  March  1939. 


CHAPTER  FIVE 


Modulation 


Principles  —  Methods  of  Modulation — Class-B  Modulators  — 
Microphones  and  Speech  Amplifiers  —  Design  Data 


The  steady  radio-frequency  power  generated 
by  transmitting  circuits  such  as  those  shown 
in  the  preceding  chapter  cannot  alone  result 
in  the  transmission  of  an  intelligible  mess¬ 
age  to  a  receiving  point.  It  serves  only  as  a 
“carrier”  for  the  message;  the  intelligence  is 
conveyed  by  modulation  (a  change)  of  the 
carrier. 

The  simplest  way  to  modulate  the  carrier  is 
to  turn  it  on  and  shut  it  off,  and  when  this  is 
done  according  to  the  dot-and-dash  characters 
of  the  telegraph  code  we  have  what  is  called 
continuous-wave  telegraph  transmission.  Al- 
though  simple  in  principle,  in  actual  practice 
this  type  of  modulation  —  keying  —  must 
conform  to  certain  rcquirements.  These,  and 
the  actual  circuits  used  for  keying,  will  be  con- 
sidered  in  a  later  chapter.  We  shall  discuss  here 
the  more  complicated  form  of  modulation 
necessary  for  radiotelephone  transmission. 

Audio  Frequenties 

Sounds  are  caused  by  vibrations  of  air  par- 
ticles.  The  pitch  of  the  sound  depends  upon  the 
rate  of  vibration;  the  more  rapid  the  vibration 
the  higher  the  pitch.  Most  sounds  consist  of 
complex  combinations  of  vibrations  of  differing 
rates  or  frequencies;  the  human  voice,  for  in- 
stance,  generates  frequencies  from  about  100 
per  second  to  several  thousand  per  second. 
Words  are  formed  by  combining  various  fre¬ 
quencies  in  a  variety  of  ways.  The  problem  of 
transmitting  speech  by  radio  is  therefore  one  of 
varying  the  r.f.  carrier  in  a  way  which  cor- 
responds  to  the  air-particle  vibrations.  The 
first  step  in  doing  this  is  to  change  the  sound 
vibrations  into  alternating  electrical  currents 
of  the  same  frequency  and  relative  intensity; 
these  currents  may  then  be  amplified  and  used 
to  modulate  the  normally-steady  r.f.  output  of 
the  transmitter. 

Principle  of  the  Microphone 

The  device  which  converts  sound  energy  into 
electrical  energy  is  called  the  microphone. 
There  are  several  types  of  microphones,  but 
one  example  will  show  the  general  principle  of 
operation.  In  Fig.  601,  the  microphone  con- 
sists  of  a  metal  diaphragm  placed  against  an 
insulating  cup  containing  loosely-packed  car¬ 


bon  granules  (microphone  button).  Current 
from  a  battery  flows  through  the  granules,  the 
diaphragm  being  one  connection  and  the  metal 
back-plate  the  other.  The  primary  of  a  trans- 
former  is  connected  in  series  with  the  battery 
and  microphone.  Air  vibrations  cause  a  similar 
vibration  of  the  diaphragm,  and  as  the  dia¬ 
phragm  vibrates  its  pressure  on  the  granules 
alternately  increases  and  decreases.  This  causes 
a  corresponding  increase  and  decrease  of  cur¬ 
rent  flow  through  the  circuit,  since  the  pressure 
changes  the  resistance  of  the  mass  of  granules. 
The  change  in  current  flowing  through  the 
transformer  primary  causes  an  alternating 
voltage,  of  corresponding  frequency  and  in¬ 
tensity,  to  be  set  up  in  the  transformer  second- 
ary.  The  audio-frequency  voltage  thus  gen¬ 
erated  may  be  amplified  by  a  vacuum  tube 
connected  to  the  transformer.  The  audio- 
frequency  power  may  be  built  up  to  any  de- 
sired  level  by  successive  stages  of  amplification. 
The  amount  of  power  needed  to  modulate  the 
r.f.  carrier  depends  upon  the  modulation 
system  employed. 

Mod  u/a  tion 

One  way  of  modulating  the  carrier  is  by 
changing  its  amplitude,  or  intensity,  in  accord- 
ance  with  the  a.f.  voltage  obtained  from  the 
microphone.  This  method,  known  as  ampli¬ 
tude  modulation,  is  used  in  all  amateur  trans- 
mitters  working  below  58.5  megacycles.  It  is 
also  possible  to  vary  the  frequency  of  the 
carrier  (frequency  modulation)  while  leaving 
its  amplitude  fixed.  With  this  method  the  band 


Fig.  601  —  Construction  and  connections  of  a  eingle- 
button  microphone  and  its  transformer. 
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of  frequencies  occupied  by  one  transmitter  is 
greater  than  in  the  case  of  amplitude  modula- 
tion,  hence  fewer  transmitters  can  work  with¬ 
out  interference.  The  amateur  regulations  pro- 
hibit  frequency  modulation  below58.5  Mc.,  and 
transmitters  must  be  designed  to  prevent  its 
occurring  accidentally  in  connection  with 
amplitude  modulation.  In  this  chapter,  only 
the  amplitude  modulation  system  is  considered. 

Amplitude  Modulation 

Since  the  audible  output  at  the  receiver  de- 
pends  entirely  upon  the  amount  of  variation  — 
termed  depth  of  modulation  —  in  the  earrie', 
wave  and  not  upon  the  strength  of  the  carrier 
alone,  it  is  desirable  to  obtain  the  largest  per- 
missible  variations  in  the  carrier  wave.  This 
condition  is  reached  when  the  amplitude  during 
modulation  is  at  times  reduced  to  zero  and  at 
other  times  increased  to  twice  its  unmodulated 
value.  Such  a  wave  is  said  to  be  fully  modu- 
lated,  or  100%  modulated.  Any  desired 
degree  of  modulation  can  be  expressed  as  a 
percentage,  using  the  unmodulated  carrier  as 
a  base.  Fig.  602  shows  at  A  an  unmodulated 
carrier  wave;  at  B  the  same  wave  modulated 
50%,  and  at  C  the  wave  with  100%  modula¬ 
tion,  using  a  single-tone  (sine-wave)  modulat- 
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Fig.  602  —  Graphicai  representation  of  (A)  unmodu¬ 
lated  carrier  wave,  (Dl  wave  modulated  50%.  (C)  wave 

modulated  100%. 
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ing  signal.  The  outline  of  the  modulated  r.f. 
wave  is  called  the  modulation  envelope. 

The  percentage  modulation  can  be  found  by 
dividing  either  Y  or  Z  by  X  and  multiplying 
the  result  by  100.  If  the  modulating  signal  is 
not  symmetrical,  the  larger  of  the  two  (F  or  Z) 
should  be  used. 

The  amplitude  values  correspond  to  current 
or  voltage,  so  that  the  drawings  may  be  taken 
to  represent  instantaneous  values  of  either. 
Since  power  varies  as  the  square  of  either  the 
current  or  voltage,  so  long  as  the  resistance  in 
the  circuit  is  unchanged,  therefore  at  the  peak 
of  the  modulation  up-swing  the  instantaneous 
power  in  the  wave  of  Fig.  602-C  is  four  times 
the  unmodulated  carrier  power.  At  the  peak  of 
the  down-swing  the  power  is  zero  since  the 
amplitude  is  zero.  With  a  sine-wave  modulat¬ 
ing  signal,  the  average  power  in  a  100%- 
modulated  wave  is  one  and  one-half  times 
the  unmodulated  carrier  power.  The  power  out¬ 
put  of  the  transmitter  must  increase  50%, 
therefore,  with  100%  modulation,  This  is  a 
very  important  consideration,  since  it  means 
that  provision  must  be  made  to  supply  the 
additional  power  during  modulation. 

•  SIDE  BANDS 

The  combining  of  the  audio  frequency  with 
the  r.f.  carrier  as  just  described  is  essentially  a 
heterodyne  process  and  therefore  gives  rise  to 
beat  frequencies  equal  to  the  sum  and  differ- 
ence  of  the  a.f.  and  r.f.  frequencies  involved. 
Therefore,  for  each  audio  frequency  appearing 
in  the  modulation  two  new  radio  frequencies 
appear,  one  equal  to  the  carrier  frequency  plus 
the  audio  frequency,  the  other  equal  to  the 
carrier  minus  the  audio  frequency.  These  new 
frequencies  are  called  side  frequencies,  since 
they  appear  on  each  side  of  the  carrier,  and  the 
groups  of  side  frequencies  representing  a  band 
or  group  of  modulation  frequencies  are  called 
side  bands.  The  side  bands  must  be  trans- 
mitted,  hence  a  modulated  signal  occupies  a 
group  of  radio  frequencies,  or  channel,  rather 
than  a  single  frequency  as  in  the  case  of  the 
unmodulated  carrier.  The  channel  width  is 
twice  the  highest  modulation  frequency.  To 
accommodate  the  largest  number  of  trans¬ 
mitters  in  a  given  part  of  the  r.f.  spectrum  it  is 
apparent  that  the  channel  width  should  be  as 
small  as  possible,  but  on  the  other  hand  it  is 
necessary,  for  speech  of  reasonably  good  qual- 
ity,  to  use  modulating  frequencies  up  to  about 
3000  or  4000  cycles.  This  calls  for  a  channel 
width  of  6  to  8  kc. 

Spurious  Side  Bands 

Besides  the  normal  side  bands  just  described, 
unwanted  side  bands  may  be  generated  by  the 
transmitter.  These  usually  lie  outside  the 
normally-required  channel  width,  and  hence 
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cause  the  actual  channel  to  be  wider  without  fully  the  amplitude  variations  of  the  modulat- 


increasing  the  useful  modulation.  By  increas- 
ing  the  channel  width  these  spurious  side 
bands  cause  unnecessary  interference  to  other 
transmitters.  The  quality  of  transmission  is 
also  adversely  affected  when  spurious  side 
bands  are  generated. 

The  chief  causes  of  spurious  side  bands  are 
harmonie  distortion  in  the  audio  system,  over- 
modulation,  frequency  modulation,  and  lack 
of  linearity  in  the  modulated  r.f.  system. 

Harmonie  Distortion 

As  explained  in  Chapter  3,  distortion  in  an 
amplifier  tube  can  be  resolved  into  the  intro- 
duction  of  new  frequencies  in  the  output  which 
were  not  present  in  the  signal  applied  to  the 
grid.  Since  these  new  frequencies  are  integral 
multiples  of  the  original  frequency,  they  may 
cause  widening  of  the  side  bands.  For  example, 
an  original  modulating  signal  of  3000  cycles 
may,  when  distorted,  have  harmonies  at  6000, 
9000,  and  12,000  cycles.  Thus  a  required 
channel  of  6  kc.  may  actually  turn  out  to  be 
24  kc.  because  of  spurious  side  bands.  Mini¬ 
mum  harmonie  distortion  in  the  a.f.  amplifier  is 
necessary  to  prevent  excessive  channel  width. 

Overmodula  tion 

If  the  carrier  is  modulated  more  than  100%, 
a  condition  such  as  is  shown  in  Fig.  603  occurs. 
Not  only  does  the  peak  amplitude  exceed  twice 
the  carrier  amplitude,  but  there  may  actually 
be  a  consideratie  period  during  which  the  out¬ 
put  is  entirely  cut  off.  The  modulated  wave  is 
therefore  distorted,  with  the  result  that  har¬ 
monie  distortion,  with  consequently  wider  side 
bands,  occurs.  The  carrier  should  never  be 
modulated  more  than  100%. 

Frequency  Modulation 

If  modulating  the  amplitude  of  the  carrier 
also  causes  a  change  in  the  carrier  frequency, 
the  channel  occupied  by  the  signal  wobbles 
back  and  forth  with  the  modulation.  Not  only 
does  this  alone  widen  the  effective  channel, 
but  because  of  the  varying  frequency  new 
beats  are  generated  which  create  an  even  more 
undesirable  broadening  of  the  signal.  It  is 
essential,  therefore,  that  the  carrier  frequency 
be  entirely  unaffected  by  the  application  of 
modulation.  In  practice,  this  is  accomplished 
by  applying  the  modulation  to  an  r.f.  amplifier 
stage  which  is  isolated  from  the  frequency- 
controlling  oscillator  by  a  buffer  amplifier. 
Amplitude  modulation  of  an  oscillator  is  al- 
most  always  accompanied  by  frequency  mod¬ 
ulation. 

Linearity 

Up  to  the  limit  of  100%  modulation,  the 
amplitude  of  the  carrier  should  follow  faith- 
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ing  signal.  When  the  modulated  r.f.  amplifier  is 
incapable  of  meeting  this  condition  it  is  said 
to  be  non-Iinear.  A  non-linear  modulated 


Fig.  603  —  An  ovcrmodulated  wave. 


amplifier  causes  distortion  of  the  modulation 
envelope  and  hence  the  generation  of  har¬ 
monies  which  in  turn  widen  the  channel.  The 
amplifier  may  not,  for  instance,  be  capable  of 
quadrupling  its  power  output  at  the  peak  of 
100%  modulation.  The  modulation  capa- 
bility  of  the  transmitter  is  the  maximum  per¬ 
centage  of  modulation  that  is  possible  without 
objectionable  distortion  (i.e.,  without  generat- 
ing  spurious  side  bands)  The  maximum  attain- 
able  capability  is,  of  course,  100%.  The 
modulation  capability  should  be  as  high  as 
possible  so  that  the  most  effective  signal  can 
be  transmitted  for  a  given  carrier  power. 

Power  in  Speech  Waves 

The  complex  waveform  of  a  speech  sound 
translated  into  alternating  current  does  not 
contain  as  much  power,  on  the  average,  as 
there  is  in  a  pure  tone  or  sine  wave  of  the  same 
peak  amplitude.  That  is,  with  speech  wave- 
forms  the  ratio  of  peak  to  average  amplitude  is 
higher  than  in  the  sine  wave.  For  this  reason, 
the  previous  statement  that  the  power  output 
of  the  transmitter  increases  50%  with  100% 
modulation,  while  true  for  tone  modulation,  is 
not  true  for  speech.  On  the  average,  speech 
waveforms  will  contain  only  about  half  as 
much  power  as  a  sine  wave,  both  having  the 
same  peak  amplitude.  The  average  power  out¬ 
put  of  the  transmitter  therefore  increases  only 
about  25%  with  100%  speech  modulation. 
However,  the  inslanlaneous  power  output  must 
quadruple  on  the  peak  of  100%  modulation 
regardless  of  the  modulating  waveform.  There¬ 
fore  the  peak  capacity  of  the  transmitter 
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must  be  the  same  for  any  type  of  modulating 
signal. 

•  PRACTICAL  METHODS  OF 

MODULATION 

The  most  widely  used  type  of  amplitude 
modulation  system  is  that  in  which  the  modu¬ 
lating  signal  is  applied  in  the  plate  circuit  of  a 
radio-frequency  power  amplifier  (plate  modu¬ 
lation).  In  a  second  type  the  audio  signal  is 
applied  to  the  control-grid  circuit  (grid-bias 
modulation).  A  third  system  invol ves  varia- 
tion  of  both  plate  voltage  and  grid  bias  and  is 
called  cathode  modulation.  A  fourth  method 
varies  the  suppressor-grid  voltage  of  a  pen- 
tode-type  power  tube  (suppressor-grid  modu¬ 
lation). 

Transformer-Coupled  Plate  Modulation 

In  Fig.  604  is  shown  the  most  widely-used 
system  of  plate  modulation.  A  balanced  (push- 
pull  Class-A,  Class-AB  or  Class-B)  modulator 
is  transformer-coupled  to  the  plate  circuit  of 
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the  modulated  r.f.  amplifier.  The  audio-fre- 
quency  power  generated  in  the  modulator  plate 
circuit  is  combined  with  the  d.c.  power  in  the 
modulated-amplifier  plate  circuit  by  transfer 
through  the  coupling  transformer,  T.  For  100% 
modulation  the  audio-frequency  output  of  the 
modulator  and  the  turns  ratio  of  the  coupling 
transformer  must  be  such  that  the  voltage  at 
the  plate  of  the  modulated  amplifier  varies 
between  zero  and  twice  the  d.c.  operating  plate 
voltage,  thus  causing  corresponding  variations 
in  the  amplitude  of  the  r.f.  output. 

As  previously  indicated,  the  average  power 
output  of  the  modulated  stage  must  increase 
50%  with  100%  modulation,  and  the  addi- 
tional  power  is  furnished  by  the  modulator; 
that  is,  the  modulator  must  supply  audio  power 
equal  to  50%  of  the  d.c.  plate  input  to  the 
modulated  r.f.  stage.  For  example,  if  the  d.c. 
plate  power  input  to  the  r.f.  stage  is  100  watts, 
the  sine-wave  audio  power  output  of  the  modu¬ 
lator  must  be  50  watts. 

The  modulated  r.f.  amplifier  must  operate 
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Class-C  for  the  modulation  characteristic  to  be 
linear.  The  transformer  turns  ratio  will  depend 
upon  the  rated  load  resistance  of  the  modu¬ 
lator  tubes  and  the  modulating  impedance 
of  the  Class-C  stage.  The  modulating  imped¬ 
ance  is  equal  to 

Y  X  1000 

•*P 

where  Et,  is  the  d.c.  plate  voltage  and  I„  the 
d.c.  plate  current  in  milliamperes,  both  meas- 
ured  without  modulation. 

The  plate  efficiency  of  the  Class-C  plate- 
modulated  amplifier  is  practically  constant 
with  or  without  modulation.  Efficiency  values 
range  between  60%  and  80%,  depending  upon 
the  frequency  and  the  operating  conditions. 
The  linearity  depends  upon  having  sufficiënt 
grid  excitation,  proper  bias,  and  adjustment 
of  circuit  constants  to  the  proper  values,  as 
described  in  Chapter  5. 

Plate  Modulation  of  Screen-Grid  Amplifiers 

Screen-grid  tubes  of  the  pentode  or  beam 
tetrode  type  can  be  used  as  Class-C  plate- 
modulated  amplifiers  provided  the  modulation 
is  applied  to  both  the  plate  and  screen  grid. 
The  method  of  feeding  the  screen  grid  with  the 
necessary  d.c.  and  modulation  voltage  is  shown 
in  Fig.  605.  The  dropping  resistor,  R,  should  be 


Fig.  605  —  Plate-and-screen  modulation  of  a  pentode 
Class-C  r.f.  amplifier. 

of  the  proper  value  to  apply  normal  d.c.  volt¬ 
age  to  the  screen  under  steady  carrier  condi¬ 
tions.  lts  value  can  be  calculated  by  taking  the 
difference  between  plate  and  screen  voltages 
and  dividing  it  by  the  rated  screen  current. 

The  modulating  impedance  is  found  by  di¬ 
viding  the  d.c.  plate  voltage  by  the  sum  of  the 
plate  and  screen  currents.  The  plate  voltage 
multiplied  by  the  sum  of  the  two  currents  is  the 
power  input  figure  which  is  used  as  the  basis 
for  determining  the  audio  power  required  from 
the  modulator. 

Choke-Coupled  Plate  Modulation 
In  Fig.  606  is  shown  the  circuit  of  the 
Heising  or  constant-current  system  of  plate 
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tion. 

modulation.  The  plate  power  for  the  modulator 
tube  and  modulated  amplifier  is  furnished  from 
a  common  source  through  the  modulation 
choke,  L,  which  has  high  impedance  for  audio 
frequencies.  The  modulator  operates  as  a  power 
amplifier  with  the  plate  circuit  of  the  r.f. 
amplifier  as  its  load,  the  audio  output  of  the 
modulator  being  superimposed  on  the  d.c. 
power  supplied  to  the  amplifier.  For  100% 
modulation  the  audio  voltage  applied  to  the 
r.f.  amplifier  plate  circuit  across  the  choke,  L, 
must  have  a  peak  value  equal  to  the  d.c.  volt¬ 
age  on  the  modulated  amplifier.  To  obtain  this 
without  distortion,  the  r.f.  amplifier  must  be 
operated  at  a  d.c.  plate  voltage  less  than  the 
modulator  plate  voltage,  the  extent  of  the 
voltage  differenee  being  determined  by  the  type 
of  modulator  tube  used-  The  necessary  drop  in 
voltage  is  provided  by  the  resistor  R,  which  is 
by-passed  for  audio  frequencies  by  the  con- 
denser  C. 

This  type  of  modulation  is  rarely  used  by 
amateurs  except  in  very  low-power  portable 
sets,  because  a  single-tube  Class-A  modulator 
is  required.  The  output  of  a  Class-A  modulator 
is  very  low  compared  to  that  obtainable  from  a 
pair  of  tubes  of  the  same  size  operated  Class-B, 
hence  only  a  small  amount  of  r.f.  power  can  be 
modulated. 

Grid-Bias  Modulation 

Fig.  607  is  the  diagram  of  a  typical  arrange¬ 
ment  for  grid-bias  modulation.  In  this  system, 
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the  secondary  of  an  audio-frequency  Olltput 
transformer,  the  primary  of  which  is  connected 
in  the  plate  circuit  of  the  modulator  tube,  is 
connected  in  series  with  the  grid-bias  supply 
for  the  modulated  amplifier.  The  audio  voltage 
thus  introduced  varies  the  grid  bias  and  thus 
the  power  output  of  the  r.f.  stage,  when  suit- 
able  operating  conditions  are  chosen.  The  r.f. 
stage  is  operated  as  a  Class-C  amplifier,  with 
the  d.c.  grid  bias  considerably  beyond  cut-off. 

In  this  system  the  plate  voltage  is  constant, 
and  the  increase  in  power  output  with  modula¬ 
tion  is  obtained  by  making  the  plate  current 
and  plate  efficiency  vary  with  the  modulating 
signal.  For  100%  modulation,  both  plate  cur¬ 
rent  and  efficiency  must,  at  the  peak  of  the 
modulation  up-swing,  be  twice  their  carrier 
values  so  that  the  peak  power  will  be  four 
times  the  carrier  power.  Since  the  peak  effi- 


Fig.  608  —  Suppreesor-grid  modulation  of  a  pentode 
r.f.  amplifier. 

ciency  in  practicable  circuits  is  of  the  order  of 
70%  to  80%,  the  carrier  efficiency  ordinarily 
cannot  exceed  about  35%  to  40%.  For  a  given 
size  of  r.f.  tube  the  carrier  output  is  about  one- 
fourth  the  carrier  obtainable  from  the  same 
tube  plate-modulated.  The  audio  power  re¬ 
quired  from  the  modulator  is  quite  small,  and  a 
Class-A  modulator  capable  of  2  to  5  watts 
audio  output  is  adequate  for  most  transmitters. 
The  grid  bias,  r.f.  excitation,  plate  loading  and 
audio  voltage  in  series  with  the  grid  must  be 
adjusted  to  give  a  linear  modulation  charac- 
teristic.  The  method  of  adjustment  is  covered 
in  Chapter  16. 

Suppressor  Modulation 

The  circuit  arrangement  for  suppressor-grid 
modulation  of  a  pentode  tube  is  shown  in  Fig. 
608.  The  operating  principles  are  the  same  as 
for  grid-bias  modulation.  However,  the  r.f. 
excitation  and  modulating  signals  are  applied 
to  separate  grids,  which  gives  the  system  a 
simpler  operating  technique,  since  best  adjust- 
ment  for  proper  excitation  requirements  and 
proper  modulating  circuit  requirements  are 
more  or  less  independent.  The  carrier  plate 
efficiency  is  approximately  the  same  as  for 
grid-bias  modulation,  and  the  modulator  power 
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requirements  are  similarly  small.  With  tubes 
having  suitable  suppressor-grid  charaeteristics, 
linear  modulation  up  to  practically  100%  can 
be  obtained  with  negligible  distortion. 

Cathode  Modulation 

The  fundamental  circuit  for  cathode  or 
“center- tap”  modulation  is  shown  in  Fig.  609. 
This  type  of  modulation  is  a  combination  of 
the  plate-  and  grid-bias  methods,  and  permits 
a  carrier  efficiency  midway  between  the  two. 
The  audio  power  is  introduced  in  the  cathode 
circuit,  and  both  grid  bias  and  plate  voltage 
vary  during  modulation. 

Because  part  of  the  modulation  is  by  the 
grid-bias  method,  the  plate  efficiency  of  the 
modulated  amplifier  must  vary  during  modu¬ 
lation.  The  carrier  efficiency  therefore  must  be 
lower  than  the  efficiency  at  the  modulation 
peak.  The  reduction  in  carrier  efficiency  de- 
pends  upon  the  proportion  of  grid  modula¬ 
tion  to  plate  modulation;  the  higher  the  per¬ 
centage  of  plate  modulation  the  higher  the 
permissible  carrier  efficiency,  and  vice  versa. 
The  audio  power  required  from  the  modulator 
also  varies  with  the  percentage  of  plate  modu¬ 
lation,  being  greater  as  this  percentage  is 
increased. 

The  way  in  which  the  various  quantities 
vary  is  illustrated  by  the  curves  of  Fig.  609-A. 
In  these  curves,  the  performance  of  the  cath- 
ode-modulated  r.f.  amplifier  is  plotted  in 
terms  of  the  tube  ratings  for  plate-modulated 
telephony,  with  the  percentage  of  plate  modu¬ 
lation  as  a  base.  As  the  percentage  of  plate 
modulation  is  decreased,  it  is  assumed  that 
the  grid-bias  modulation  is  increased  to  make 
the  overall  percentage  of  modulation  reach 
100%.  The  limiting  condition,  100%  plate 
modulation  and  no  grid-bias  modulation,  is 


Fig.  609  —  Cathode  modulation  of  a  Class-C  triode 
amplifier.  Ki,  grid  leak;  C,  audio  by-pasa;  K.2,  cathode- 

bias  reêistoï  foï  initial  bias,  also  by-passed  for  audio 
frequencies. 
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Fig.  609-A  —  Cathode-modulation  performance 
curves,  in  terms  of  percentage  of  plate  modulation 
against  per  eent  of  Class-C  telephony  tube  ratings. 

Win  —  D.c.  plate  input  watts  in  per  eent  of  plate-modu- 
lation  rating. 

W.  —  Carrier  ontput  watts  in  per  eent  of  platc-modula- 
tion  rating  (based  on  plate  efficiency  of  77.5%). 
Wi  —  Audio  power  in  per  cent  of  d.e.  watts  inpnt. 

NP  —  Plate  efficiency  in  per  cent. 

at  the  right;  pure  grid-bias  modulation  is 
represented  by  the  left-hand  ordinate. 

As  an  example,  assume  that  40%  plate 
modulation  is  to  be  used.  Then  the  modulated 
r.f.  amplifier  must  be  adjusted  for  a  carrier 
plate  efficiency  of  56%,  the  permissible  plate 
input  will  be  65  %  of  the  ratings  of  the  same 
tube  with  pure  plate  modulation,  the  power 
output  will  be  48%  of  the  rated  output  of  the 
tube  with  plate  modulation,  and  the  audio 
power  required  from  the  modulator  will  be  20% 
of  the  d.c.  input  to  the  modulated  amplifier. 

The  modulating  impedance  of  a  cathode- 
modulated  amplifier  is  approximately  equal  to 


where  m  is  the  percentage  of  modulation  ex- 
pressed  as-a  decimal,  Et  is  the  plate  voltage, 
and  h  the  plate  current  of  the  modulated  r.f. 
amplifier.  This  figure  for  the  modulating  im¬ 
pedance  is  used  in  exactly  the  same  way  as  the 
corresponding  figure  for  pure  plate  modulation 
in  determining  the  proper  modulator  operating 
conditions,  as  outlined  in  the  following  section. 

R.f.  excitation  requirements  for  the  cathode- 
modulated  amplifier  are  midway  between 
those  for  plate  modulation  and  grid-bias 
modulation.  More  excitation  is  required  as  the 
percentage  of  plate  modulation  is  increased. 
Grid  bias  should  be  considerably  beyond 
cut-off;  grid-leak  bias  is  permissible  if  the 
excitation  is  great  enough  to  meet  this  re- 
quirement.  The  grid  leak  should  be  across  the 
grid  condenser,  as  shown,  to  avoid  loading  the 
modulator,  and  should  be  by-passed  for  audio 
frequencies.  The  percentage  of  grid  modulation 
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TABLE  l-RESISTANCE-CQUPLED  AMPLIFIER  DATA 

Data  are  given  lor  a  plate-supply  of  300  volts;  departures  of  as  much  as  50%  from  this  supply  voltage  will  not  materially  change 
the  opeiatlng  condltions  or  the  voltage  gain,  bul  the  output  voltage  will  be  in  proportion  to  the  new  voltage.  Voltage  galn  Is  measuréd 
at  400  cyclesr  condenser  values  given  are  baied  on  100-eyele  cut-off.  Fot  increased  low-frequency  response,  ali  condensers  may  be 
made  latger  than  specilied  (cut-off  frequency  in  Inverse  proportion  to  condenser  values  provided  alt  are  changed  in  the  saffle  pro¬ 
portion).  A  variation  of  10%  In  the  values  given  has  negligible  effect  on  the  performance. 

High-frequency  cut-off  with  pentodes  is  approximately  20,000  cycles  with  a  plate  resistor  of  0.1  megohm,  1 0,000  cycles  with  0.25 
megohm,  and  5000  cycles  with  0.5  megohm.  With  triode  amplifters,  the  high-frequency  cut-off  is  well  above  the  audio  range. 
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triode  unit). 

0.25 

-  - 

2440 

— 

1.42 

0.0125 

56 

14 

6J5,  6J5G 

ün 

0.5 

— 

2700 

— 

1.2 

0.0065 

64 

14 

0.25 

_ 

4590 

— 

0.87 

0.013 

46 

14 

0.25 

0.5 

— 

5770 

— 

0.64 

0.0075 

57 

14 

1.0 

— 

6950 

— 

0.54 

0.004 

64 

14 

0.05 

_ 

1740 

- 

2.91 

0.06 

56 

II5 

0.05 

0.1 

— 

2160 

— 

2.18 

0.032 

68 

126 

0.25 

— 

2600 

— 

1.82 

0.015 

79 

1S5 

6L5G 

0.1 

_ 

3070 

_ 

1.64 

0.032 

60 

125 

0.1 

0.25 

■  .  i. 

4140 

— 

1.1 

0.014 

79 

135 

0.5 

— 

4700 

— 

0.81 

0.0075 

89 

1 35 

0.25 

_ 

6900 

_ 

0.57 

0.013 

64 

1 35 

0.25 

0.5 

— - 

9100 

-  — 

0.46 

0.0075 

80 

1 36 

1.0 

— 

10,750 

' 

0.4 

0.005 

88 

1 35 
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TABLE  I  — RESISTANCE-COUPLED  AMPLIFIER  D ATA  —  Continué 


Plate  ^8GrWa9e  Screen  Cathede  Screen  Cathode  Blocklng 

Resiitor  Reaistor  Resisfor  By-pasi  By-pass  Condeniei 

Megohms  Megphma  Megohma  Ohms  /dd,  fdd.  rdd. 
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TABLE  II— CLASS-B  MODULATOR  DATA 

See  also  Receiving  Tube  Tables  (Chapter  20)  fot  Data  on  Class  A,  AB 1  and  AB  2  Amplifiers  for  Use  as  Low-Powei  Modulators. 


Class-B 

Fil. 

Plate 

Grrd 

Peak  A.F. 

Zero-Sig.' 

Max.-Sig.1 

Load  Res. 

Max.-Sig. 

Max.-Sig.1 

Tubes (2) 

Volb 

Volts 

Volts 

Grid-to-Grid 

Plate  Cu7rent 

Plate  Current 

Plate-to-Plete 

Driving  Power 

Power  Output 

App. 

Voltage 

Ma. 

Ma.2 

Ohms 

Watts* 

Watts3 

HY601 

6.3 

300 

-22.5 

63 

75 

120 

5,000 

4.0 

22 

400 

-22.5 

57 

75 

120 

6,000 

3.0 

30 

801 

7.5 

600 

-75 

320 

8 

130 

10,000 

3.0 

45 

300 

0 

104 

20 

100 

5,000 

1.4 

18 

HY31ZW 

6.3 

400 

0 

140 

26 

150 

5,000 

2.0 

40 

500 

0 

131 

36 

150 

7,000 

1.8 

51 

RK66' 

6.3 

600 

-35 

— 

— 

55 

8,000 

0.4 

65 

1624* 

2.5 

400 

-16.5 

77 

75 

150 

6,000 

0.4 

36 

600 

-25 

106 

42 

180 

7,500 

1.2 

72 

TZ20 

7.5 

750 

0 

195 

— 

170 

9,000 

2.6 

80 

HY691 

6.3 

600 

-35 

183 

65 

120 

4,500 

7.0 

65 

500 

-25 

120 

65 

200 

5,000 

3.0 

97 

RK12 

6.3 

750 

0 

129 

50 

200 

9,600 

3.4 

100 

750 

-40 

320 

26 

210 

6/400 

6.0 

90 

800 

7.5 

1000 

-55 

300 

28 

160 

12,500 

4.4 

100 

1250 

-70 

300 

30 

130 

21,000 

3.4 

106 

600 

0 

171 

18 

180 

6,000 

Note  5 

75 

HY30Z 

6.3 

750 

0 

167 

22 

180 

8,000 

" 

95 

850j 

0 

171 

28 

180 

10,000 

** 

110 

400 

-25 

80 

100 

230 

3,800 

0.35 

60 

807® 

6.3 

500 

-25 

80 

100 

230 

4,550 

0.6 

75 

600 

-30 

80 

60 

200 

6,660 

0.4 

80 

7507 

-32 

95 

60 

240 

7,320 

0.5 

120 

809 

1623 

500 

0 

135 

40 

200 

5,200 

2.4 

60 

6.3 

750 

-4.5 

140 

40 

200 

8,400 

2.4 

100 

1000 

-10 

156 

40 

200 

1 1 ,600 

3.4 

145 

830-B 

10 

800 

-27 

250 

20 

280 

6,000 

5.0 

135 

1000 

-35 

270 

20 

280 

7,600 

6.0 

175 

750 

0 

171 

32 

225 

6,000 

Note  5 

110 

HY40Z 

7.5 

850 

0 

185 

40 

250 

7,000 

“ 

155 

1000 

0 

185 

45 

250 

9,000 

" 

185 

808 

7.5 

1250 

-15 

240 

40 

230 

12,700 

7.8 

185 

1500 

-16 

110 

30 

190 

18,300 

4.8 

190 

811 

6.3 

1250 

0 

140 

48 

200 

15,000 

3.8 

175 

1500' 

-9 

160 

20 

200 

18,000 

4.2 

225 

5.0 

to 

5.1 

750 

0 

_ 

_ 

— 

6,000 

_ 

100 

35T 

1000 

-22 

— 

— 

— 

7,200 

— 

150 

1250 

-30 

— 

— 

— 

9,600 

— 

200 

1500 

-40 

— 

— 

— 

12,800 

— 

230 

750 

-100 

430 

40 

350 

4,000 

10 

150 

154 

5.0 

1000 

-155 

510 

50 

300 

7,500 

10 

200 

1250 

-210 

600 

60 

256 

1 1 ,400 

10 

223 

1500 

-265 

700 

80 

230 

1 6,000 

10 

250 

TZ407 

1000 

0 

220 

_ 

280 

7,350 

5.5 

175 

7.5 

1250 

-4.5 

269 

- - 

280 

10,000 

6.0 

225 

1500 

-9 

265 

— 

250 

12,000 

6.0 

250 

RK52 

7.5 

1250 

0 

180 

40 

300 

10,000 

7.5 

250 

RK58 

10 

1250 

0 

200 

148 

320 

9,000 

7.5 

260 

203-A 

10 

1000 

-35 

310 

26 

320 

6,900 

10 

200 

1250 

-45 

330 

26 

320 

9,000 

11 

260 

838 

10 

1000 

0 

90 

106 

320 

7,600 

5.0 

200 

1250 

0 

90 

148 

320 

11,200 

5.0 

260 

211 

10 

1000 

-77 

380 

20 

320 

6,900 

7.5 

200 

1250 

-100 

410 

20 

320 

9,000 

8.0 

260 

850 

0 

148 

48 

300 

5,000 

Note  5 

160 

HY51Z 

7.5 

1000 

0 

170 

60 

350 

6,000 

*’ 

260 

1250 

0 

155 

90 

300 

10,000 

«• 

285 
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TABLE  II  —  CLASS-B  MODULATOR  DATA  —  Continued 


- — - 

• 

...  .. 

— 

- - - - - 

Class-B 

Fil. 

Pfate 

Peak  A.F. 

Zero-Sig.1 

Max.-Sïg.1 

Load  Res. 

Max.-Sig. 

Max-Sig.1 

Tubes (2) 

Volts 

Volts 

Volts 

Grid-to-Grid 

Plate  Current 

Plate  Current 

Plate-to-Plate 

Driving  Power 

Power  Output 

App. 

Voltage 

Ma. 

Ma.! 

Ohms 

Watts* 

Watts* 

203-Z 

10 

1000 

0 

206 

50 

350 

6,200 

6.5 

230 

1250 

-4.5 

215 

60 

350 

8,000 

6.75 

300 

750 

0 

190 

50 

320 

4,800 

5.0 

150 

ZB1  20 

10 

1000 

0 

190 

70 

310 

6,900 

5.0 

200 

1250 

0 

180 

95 

300 

9,000 

4.0 

245 

1500 

-  9 

196 

60 

296 

1 1 ,200 

5.0 

300 

RK38 

5.0 

2000 

-52 

357 

36 

265 

16,000 

5.8 

330 

HF1 00 

10 

1500 

-52 

264 

50 

270 

1 2,000 

2.0 

260 

to  1 1 

1750 

-62 

324 

40 

270 

16,000 

9.0 

350 

852 

10 

2000 

-155 

600 

22 

180 

22,000 

3.5 

220 

3000 

-250 

780 

14 

160 

36,000 

3.5 

360 

805 

10 

1250 

0 

235 

148 

400 

6,700 

6.0 

300 

RK57 

1500 

-16 

280 

84 

400 

8,200 

7.0 

370 

8288 

10 

1700 

—1 20fi 

240 

50 

248 

1 6,200 

— 

300 

2000 

-120' 

240 

50 

270 

18,300 

— 

385 

1000 

_ 

_ 

_ 

6,800 

— 

200 

75T 

5.0 

1500 

_ 

_ 

— 

— 

1 0,000 

— 

300 

2000 

— 

— 

— 

— 

12,500 

— 

400 

810 

10 

1500 

-30 

345 

80 

500 

6,600 

12 

510 

2000 

-50 

345 

60 

420 

1 1 ,000 

10 

590 

1000 

5,200 

170 

5.0 

1250 

7,200 

May  be 

230 

100TL 

1500 

Bias  adiusted  for  maximum  rated  plate  dissipation 

9,600 

driven  by 

270 

2000 

under  no-signal  conditions 

16,000 

push-pull 

6L6’s 

350 

2500 

22,000 

435 

3000 

30,000 

465 

1000 

5,200 

210 

100TH 

5.0 

to 

5.1 

1250 

1500 

2000 

2500 

Bias  adjusted  for  maximum  rated  plate  dissipation 
under  no-signai  conditions 

Zero  bias  up  to  1250  v.  plate 

7,200 

9,600 

16,000 

22,000 

May  be 
driven  by 
push-pull 
6L6's 

260 

300 

380 

460 

3000 

30,000 

500 

806 

5.0 

2000 

20 

390 

1 1 ,500 

14 

500 

HD  203-A 

10 

1500 

36 

425 

8,000 

Note  9 

400 

1750 

36 

425 

9,000 

500 

250TL 

250TH 

5.0 
to  5.1 

1000 

1250 

Bias  adjusted  for  maximum  rated  plate  dissipation 

May  be 

under 

no-signal  conditions.  250TH  used  with 

2,360 

driven  by 

350 

zero  bias  up  to  1400  v.  plate 

3,280 

p.p.  6L6's 

540 

■ 

-60 

340 

40 

252 

14 

162 

354 

E 

-95 

440 

60 

267 

10,000 

20 

315 

354C 

-125 

500 

100 

294 

10,000 

20 

448 

-165 

560 

80 

236 

15,000 

20 

577 

354D 

5.0 

1500 

2500 

-60 

-112 

350 

430 

50 

50 

277 

290 

12,000 

20,000 

20 

20 

302 

519 

354E 

5.0 

1500 

-25 

334 

50 

325 

10,000 

20 

319 

2500 

-50 

384 

50 

348 

16,000 

20 

595 

354F 

5.0 

1500 

-15 

274 

50 

280 

12,000 

20 

290 

2500 

-35 

310 

50 

300 

20,000 

20 

550 

1  Values  are  for  both  tubes. 

2Sinusoidal  signal  values;  speech  values  are  approximately  one-half  for  tubes  biased  to  approximate  cut-off  and  80%  for  zero»bias 
tubes. 

3  Values  do  not  include  transformer  losses.  Somewhat  higher  power  is  required  of  the  driver  to  supply  losses  and  provide  good  regu- 
lation.  Input  transformer  ratios  must  be  chosen  to  supply  required  power  at  specified  grid-to-grid  voltage  with  ample  reserve  for  losses 
and  low  distortion  levels.  Driver  stage  should  have  good  regulation. 

4  Beam  tube.  Class  ABl>.  Screen  voltage:  300. 

5  Driver:  one  or  two  45’s  at  275  volts,  sel f -bias  (—55  v.). 

6  Beam  tube.  Class  AB2.  Screen  voltage:  300  at  10  ma.  Éffective  grid  circuit  resistance  should  not  exceed  500  ohms. 

7  Intermittent  amateur  and  commercial  service  rating. 

9Pentode.  Class  AB2.  Suppressor  volts:  60  at  9  ma.  Screen  volts:  750,  4/43  ma.  at  1700  plate  volts,  2/60  ma.  at  2000. 

®Can  be  driven  by  a  pair  of  2A3‘s  in  push-pull  Class-AB  at  300  volts  with  fixed  bias. 

10  Dual  tube.  Values  are  for  one  tube,  both  sections. 
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may  be  regulated  to  some  extent  by  varying 

the  Ieak  resistance.  Alternatively,  a  modula- 
tion  transformer  with  tapped  seeondary  may 
be  used,  the  grid  modulation  being  adjusted 
by  choice  of  a  suitable  tap. 

The  following  table  shows  how  the  plate  in¬ 
put  and  plate  efficiency  of  the  r.f.  amplifier, 
and  the  required  audio  power  for  100%  modu¬ 
lation,  vary  with  the  different  types  of  modu¬ 
lation.  Suppressor  modulation  is  equivalent  to 
grid-bias  modulation  in  this  tabulation.  The 
figures  are  based  on  a  carrier  output  of  100 
watts  in  all  cases. 

Grid- 

Plate  Catkode  Mod.  Bias 

Mod.  (m  —  40%)  (m  =  20%)  Mod . 


Carrier  output,  watts  100  100  100  100 

D.c.  plate  input, 

watts .  129  178  228  300 

Plate  dissipation, 

watts .  29  78  128  200 

Audio  power  required, 

watts .  65  36  23  - 


•  THE  MODULATOR 

The  determining  factors  in  the  design  of  the 
audio  equipment  of  a  ’phone  transmitter  are 
the  microphone  output  and  the  audio  power 
required  for  modulating  the  r.f.  stage.  The 
process  is  therefore  essentially  one  of  working 
backward  from  the  modulator  to  the  micro¬ 
phone. 

Class-B  Modulators 


formance  and  economy  may  result  from  the 
use  of  separate  power  supplies.  This  is  a  matter 
for  individual  consideration,  and  generalization 
is  not  possible. 

Matching  Modulator  to  Modulated 
Amplifier 

The  plate-to-plate  load  impedanee  specified 
for  rated  power  output  of  the  Class-B  modulator 
seldom  corresponds  to  the  modulating  imped- 
ance  of  the  Class-C  r.f.  stage,  so  that  a  match 
must  be  brought  about  by  adjusting  the  turns 
ratio  of  the  coupling  transformer.  The  required 
turns  ratio,  primary  to  seeondary,  is 


where  Z„  is  the  Class-C  modulating  impedanee 
and  Zp  is  the  plate-to-plate  load  impedanee 
specified  for  the  Class-B  tubes. 

Commercial  Class-B  output  transformers 
usually  are  rated  to  work  between  specified 
primary  and  seeondary  impedances  and  are 
designed  for  specific  Class-B  tubes.  This  is 
simply  a  “shorthand”  way  of  stating  the  turns 
ratio,  which  can  be  found  by  substituting  the 
given  impedances  in  the  formula  above.  Many 
transformers  are  provided  with  primary  and 
seeondary  taps  so  that  various  turns  ratios  can 
be  obtained  to  meet  the  requirements  of  a  large 
number  of  tube  combinations. 


The  preceding  discussion  has  shown  that 
modulator  output  requirements  vary  widely 
with  the  type  of  modulation  system  chosen.  In 
the  case  of  plate  modulation,  the  relatively- 
large  audio  power  needed  practically  dictates 
the  use  of  a  Class-B  modulator,  since  the  power 
can  be  obtained  most  economically  with  this 
type  of  amplifier.  A  typical  circuit  is  given  in 
Fig.  610,  and  operating  data  on  various  tubes 
as  Class-B  audio  amplifiers  in  Table  I.  The 
power  outputs  are  for  a  pure-tone  signal,  which 
is  the  basis  of  design.  A  pair  of  tubes  must  be 
chosen  which  is  capable  of  delivering  sine-wave 
audio  power  equal  to  half  the  d.c.  input  to  the 
modulated  Class-C  amplifier,  as  already  de- 
scribed.  Any  type  of  tube  meeting  this  condi- 
tion  will  be  satisfactory.  It  is  sometimes  con- 
venient  to  use  tubes  which  will  operate  at  the 
same  plate  voltage  applied  to  the 


Driving  Power 

Class-B  amplifiers  are  driven  into  the  grid- 
current  region,  so  that  power  is  consumed  in 
the  grid  circuit.  The  preceding  stage  or  driver 
must  be  capable  of  supplying  this  power  at  the 
required  peak  audio-frequency  grid-to-grid 
voltage.  Both  these  quantities  are  given  in 
Table  I.  The  grids  of  the  Class-B  tubes  repre- 
sent  a  variable  load  resistance  over  the  audio- 
frequency  cycle,  since  the  grid  current  does 
not  increase  directly  with  the  grid  voltage. 
To  prevent  distortion,  therefore,  it  is  necessary 
to  have  a  driving  source  which  has  good 
regulation  —  that  is,  which  will  maintain  the 
waveform  of  the  signal  even  though  the  load 
varies.  This  can  be  brought  about  by  using  a 
driver  capable  of  delivering  two  or  three  times 


Class-C  stage,  since  one  power 
supply  of  adequate  current  ca- 
pacity  may  suffice  for  both  stages. 
In  other  cases,  better  overall  per- 


Fig.  610  —  Class-B  modulator  and 
driver  cirouit. 


DRIVER  CLASS-B  MODULATOR 
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the  actual  power  consumed  in  the  Class-B 
grids,  and  by  using  an  input  coupling  trans¬ 
former  having  a  turns  ratio  giving  the  largest 
step-down  in  voltage,  between  the  driver  plate 
or  plates  and  Class-B  grids,  that  will  permit 
obtaining  the  specified  grid-to-grid  a.f.  voltage. 

Driver  Coupling 

A  Class-A  or  Class-AB  driver  is  universally 
used  to  excite  a  Class-B  stage.  Tubes  for  the 
driver  preferably  should  be  triodes  having  low 
plate  resistance,  since  these  will  have  the  best 
regulation.  Having  chosen  a  tube  or  tubes  with 
ample  power  output  (the  data  in  the  tube  tables 
in  Chapter  20  may  be  used)  the  peak  output 
voltage  will  be,  approximately, 

E„  =  1.4  VPR 

where  P  is  the  power  output  and  R  the  load 
resistance.  The  input  transformer  ratio,  pri- 
mary  to  secondary,  will  be 

K 

Ee 

where  Ea  is  as  given  above  and  E„  is  the  peak 
grid-to-grid  voltage  given  in  Table  I  for  the 
modulator  tubes  chosen. 

Commercial  transformers  usually  are  de- 
signed  for  specific  driver-modulator  combina- 
tions,  and  usually  are  adjusted  to  give  as  good 
driver  regulation  as  the  conditions  will  permit. 

Grid  Bias 

Modern  Class-B  audio  tubes  are  intended  for 
operation  without  fixed  bias.  This  lessens  the 
variable  loading  effect  and  eliminates  the  need 
for  a  grid-bias  supply. 

When  a  grid-bias  supply  is  required,  it  must 
have  low  internal  resistance  so  that  the  flow 
of  grid  current  with  excitation  of  the  Class-B 
tubes  does  not  cause  a  continual  shift  in  the 
actual  grid  bias  and  thus  cause  distortion. 
Batteries  or  a  regulated  bias  supply  (Chapter 
11)  should  be  used. 


Plate  Supply 

The  plate  supply  for  a  Class-B  modulator 
should  be  sufficiently  well  filtered  to  prevent 
hum  modulation  of  the  r.f.  stage.  The  design 
data  in  Chapter  11  should  be  followed.  An  ad- 
ditional  requirement  is  that  the  output  con- 
denser  of  the  supply  should  have  low  reactance 
at  100  cycles  or  less  compared  to  the  load  into 
which  each  tube  is  working,  which  is  M  the 
plate-to-plate  load  resistance.  A  4-/xfd.  output 
condenser  with  a  1000-volt  supply,  or  a  2-/ifd. 
condenser  with  a  2000-volt  supply,  usually  will 
be  satisfactory,  with  other  values  in  proportion 
to  the  plate  voltage. 

The  plate  supply  for  the  modulated  ampli- 
fier,  in  all  modulation  systems,  must  also  be 
well  filtered  to  prevent  hum.  The  output  con¬ 
denser  of  the  supply  should  have  low  reactance 
compared  to  the  modulating  impedance  of  the 
stage.  The  values  given  above  are  satisfactory. 

Low-Level  Modulators 

Modulators  for  grid-bias  and  suppressor 
modulation  usually  can  be  small  audio  power 
output  tubes,  since  the  audio  power  required 
is  quite  small.  A  triode  such  as  the  2A3  is 
preferable  because  of  its  low  plate  resistance, 
but  pentodes  will  work  satisfactorily.  It  is 
usual  practice  to  load  the  primary  of  the  out¬ 
put  coupling  transformer  with  a  resistance 
equal  to  or  slightly  larger  than  the  rated  load 
resistance  for  the  tube  in  order  to  stabilize  the 
voltage  output  and  thus  improve  the  regulation. 

Since  the  ordinary  Class-A  receiving  power 
tube  will  develop  about  200  to  250  peak  volts 
in  its  plate  circuit,  which  is  ample  for  most 
low-level  modulator  applications,  a  1:1  cou¬ 
pling  transformer  is  generally  used.  If  more 
voltage  is  required,  a  step-up  ratio  must  be 
provided  in  the  transformer. 

•  TYPES  OF  MICROPHONES 

The  microphone  is  next  in  line  for  considera- 
tion  after  the  modulator  has  been  selected, 
since  the  output  of  the  microphone  and  the 
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Fig.  611  —  Speech  input  circuit  ar- 
rangements  for  five  generally  used  types 
of  microphones.  Mi,  single-button  car¬ 
bon;  M2,  double-button  carbon;  Ms, 
condenser;  M4,  ribbon  or  yelocity  type; 
Ma,  crystal  type. 
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driving  requirements  of  the  modulator  will 
determine  the  amount  of  amplification  needed 
between  the  two. 

The  sensitivity  of  the  inicrophone  is  its 
electrical  output  for  a  given  speech  intensity 
input.  Sensitivity  varies  greatly  with  micro- 
phones  of  different  basic  types,  and  also  varies 
between  different  models  of  the  same  type. 
The  output  is  also  greatly  dependent  on  the 
character  of  the  individual  voice  and  the  dis- 
tance  of  the  speaker’s  lips  from  the  microphone, 
decreasing  approximately  as  the  square  of  the 
distance.  It  also  may  be  affected  by  reverbera- 
tion  in  the  room.  Hence,  only  approximate 
values  based  on  averages  of  “normal”  speak- 
ing  voices  can  be  attempted.  The  values  to  be 
given  are  based  on  close  talking;  that  is,  with 
the  microphone  six  inches  or  less  from  the 
speaker’s  lips. 

Carbon  Microphonea 

Fig.  611  shows  connections  for  single-  and 
double-button  carbon  microphones,  witha  vari- 
able  potentiometer  included  in  each  circuit  for 
ad j usting  the  button  current  to  the  correct  value 
as  specified  with  each  microphone.  The  opera- 
tion  of  the  single-button  type  has  already  been 
explained.  The  double-button  type  operates 
similarly,  but  with  two  buttons  in  push-pull. 

Good  quality  single-button  carbon  micro¬ 
phones  give  outputs  ranging  from  0.1  to  0.3 
volt  across  50  to  100  ohms;  that  is,  across  the 
primary  winding  of  the  microphone  trans- 
former.  With  the  step-up  of  the  transformer,  a 
peak  voltage  of  between  3  and  10  volts  across 
100,000  ohms  or  so  can  be  assumed  available 
at  the  grid  of  the  first  tube.  These  microphones 
are  usually  operated  with  a  button  current  of 
50  to  100  ma. 

The  sensitivity  of  good-quality  double- 
button  microphones  is  considerably  less,  rang¬ 
ing  from  0.02  volt  to  0.07  volt  across  200  ohms. 
With  this  type  microphone,  and  the  usual 
push-pull  input  transformer,  a  peak  voltage 
of  0.4  to  0.5  volt  across  100,000  ohms  or  so  can 
be  assumed  available  at  the  first  speech  ampli- 
fier  grid.  The  button  current  with  this  type 
microphone  ranges  from  5  to  50  ma.  per  button. 

Condenser  Microphones 

The  condenser  microphone  of  Fig.  611-C 
consists  of  a  two-plate  capacity  with  one  plate 
stationary  and  the  other,  separated  from  the 
first  by  about  a  thousandth  of  an  inch,  a  thin 
metal  membrane  serving  as  a  diaphragm. 
This  condenser  is  connected  in  series  with  a 
resistor  and  d.c.  voltage  source.  When  the 
diaphragm  vibrates  the  change  in  capacity 
causes  a  small  charging  current  to  flow  through 
the  circuit.  The  resulting  audio  voltage  which 
appears  across  the  resistor  is  fed  to  the  tube 
grid  through  the  coupling  condenser. 


The  output  of  condenser  microphones  varies 
with  different  models,  the  liigh-quality  type 
being  about  one-hundredth  to  one-fiftieth  as 
sensitive  as  the  double-button  carbon  micro¬ 
phone.  The  first  amplifier  tube  must  be  built 
into  the  microphone  sinee  the  capacity  of  a 
connecting  cable  would  impair  both  output 
and  frequency  range. 

Velocity  Microphonea 

In  a  velocity  or  ribbon  microphone,  the  ele¬ 
ment  acted  upon  by  the  sound  waves  is  a  thin 
corrugated  metallic  ribbon  suspended  between 
the  poles  of  a  magnet.  When  made  to  vibrate 
the  ribbon  cuts  the  lines  of  force  between  the 
poles  in  first  one  direction  and  then  the  other. 
thus  generating  an  alternating  voltage. 

The  sensitivity  of  the  velocity  microphone, 
with  a  suitable  coupling  transformer,  is  about 
0.03  to  0.05  volt. 

The  dynamic  microphone  is  similar  to  the 
ribbon  type  in  principle,  but  the  ribbon  is  re- 
placed  by  a  eoil  attached  to  a  diaphragm.  The 
coil  provides  several  turns  of  wire  cutting  the 
magnetic  field,  and  thus  gives  greater  sensitiv¬ 
ity.  A  small  permanent-magnet  loud-speaker 
makes  a  practical  dynamic  microphone. 

Cryatal  Microphonea 

The  input  circuit  for  a  piezo-electric  or  crys- 
tal  type  microphone  is  shown  in  Fig.  612-E. 
The  element  in  this  type  consists  of  a  pair  of 
Rochelle  salts  crystals  cemented  together,  with 
plated  electrodes.  In  the  more  sensitive  types 
the  crystal  is  mechanically  coupled  to  a  dia¬ 
phragm.  Sound  waves  actuating  the  diaphragm 
cause  the  crystal  to  vibrate  mechanically  and, 
by  piezo-electric  action,  to  generate  a  eorre- 
sponding  alternating  voltage  between  the  elec¬ 
trodes,  which  are  connected  across  the  grid 
circuit  of  a  vacuum  tube  amplifier  as  shown. 
Unlike  the  other  microphones  described,  the 
crystal  type  requires  no  separate  source  of 
current,  voltage  or  magnetic  field. 

Although  the  sensitivity  of  crystal  micro¬ 
phones  varies  with  different  models,  an  output 
of  0.01  to  0.03  volt  is  representative  for  ama¬ 
teur  communication  types.  The  sensitivity  is 
affected  by  the  length  of  the  cable  connecting 
to  the  first  amplifier  stage;  the  above  figure  is 
for  lengths  of  6  or  7  feet.  The  frequency  char- 
acteristic  is  unaffected  by  the  cable  but  the 
load  resistance  (amplifier  grid  resistor)  does 
affect  it,  the  lower  frequencies  being  attenu- 
ated  as  the  shunt  resistance  becomes  less.  Grid 
resistor  values  of  I  megohm  and  higher 
should  be  used,  5  megohms  being  a  customary 
figure. 

Frequency  Range 

Wide  frequency  response  in  speech  input 
equipment  is  not  required  for  voice  transmis- 
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sion,  uniform  frequency  response  from  100  to 
about  3000  cycles  being  adequate.  It  is  there- 
fore  satisfactory  to  choose  a  microphone  in- 
tended  particularly  for  speech  transmission, 
rather  than  one  designed  for  broadcast  pro¬ 
gram  use.  Since  the  high  r.f.  selectivity  of  mod¬ 
ern  amateur  ’phone  receivers  and  the  use  of 
“tone  Controls”  in  receiver  audio  systems  cut 
off  the  higher  frequencies  anyway,  the  trans- 
mitted  modulation  frequencies  above  3000 
cycles  are  largely  wasted. 

•  THE  SPEECH  AMPLIFIER 

The  function  of  the  speech  amplifier  is  to 
provide  sufficiënt  gain  after  the  microphone  so 
that  the  modulator  will  be  driven  to  the  re- 
quired  output.  There  are  two  practical  cases: 
first,  where  audio  power  is  required  for  the 
grids  of  Class-B  modulators;  second,  where 
voltage  only,  with  negligible  power,  is  needed 
for  driving  a  Class-A  modulator. 

With  a  Class-B  modulator,  the  first  step  is 
the  selection  of  a  suitable  driver,  as  already 
described.  In  nearly  all  cases  the  driver  will 
operate  Class-A,  or  Class-AB  without  grid 
current,  so  that  no  power  is  consumed  in  its 
grid  circuit.  The  peak  audio  voltage  needed  for 
full  output  of  the  driver  chosen  can  be  found 
from  the  tables  in  Chapter  20,  being  equal  to 
the  operating  grid  bias  unless  otherwise  speci- 
fied. 


Overall  Gain 

The  minimum  voltage  gain  required  in  the 
speech  amplifier  will  be 

E, 

Em 

where  Ec  is  the  peak  grid  voltage  just  found 
and  Em  is  the  peak  voltage  output  of  the  micro¬ 
phone  (from  the  microphone  transformer,  if 
one  is  used).  If  a  Class-A  modulator  is  used,  the 
required  voltage  gain  may  be  calculated  from 
the  same  formula,  using  the  operating  grid 
bias  of  the  modulator  for  Eg.  It  is  good  practice 
to  multiply  the  minimum  gain  figure  by  2  or  3 
in  designing  the  speech  amplifier  so  that  ample 
gain  will  be  available  for  meeting  varying 
conditions. 

The  required  gain  usually  can  be  attained  in 
two  or  three  stages  by  selecting  suitable  tubes 
from  Table  II.  For  example,  when  a  stage  giv- 
ing  a  gain  of  100  is  followed  by  one  giving  a 
gain  of  15,  the  total  gain  is  100  X  15,  or  1500. 

Resisiance  Coupling 

Typical  resistance-coupled  circuits  are  given 
in  Fig.  612.  Resistance  coupling  is  preferred, 
especially  in  high  gain  amplifiers,  because  it  is 

relatively  inexpensive,  good  frequency  response 

can  be  secured,  and  there  is  little  danger  of  hum 
pickup  from  stray  magnetic  fields.  The  use  of  a 
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Fig.  612  —  Resistance-coupled  voltage  amplifier  cir¬ 
cuits.  A,  pentode;  B,  triode.  Designations  are  as  followe: 
Cl  —  Cathode  by-pass  condenser. 

C2  —  Plate  by-pass  coudenser. 

C3  —  Output  coupling  condenser  (blocking  condenser). 
C4  —  Screen  by-pass  condenser. 

Rl  —  Cathode  resistor. 

R2  —  Grid  resistor. 

R3  —  Plate  resistor. 

R« —  Next-stage  grid  resistor. 

Rb  —  Plate  decoupling  resistor. 

Re  —  Screen  resistor. 

Values  are  given  in  Table  II,  except  R2  and  Rb-  R2 
will  depend  upon  the  previous  stage,  since  it  is  the  “next 
etage  grid  resistor”  for  that  stage.  Values  up  to  1  meg- 
ohm  may  be  used  with  small  receiving  tubes.  Rs  is  usu¬ 
ally  about  20%  of  the  value  of  Rg. 

decoupling  resistor,  R5,  is  good  practice  since 
it  tends  to  prevent  feedback  between  stages 
because  of  common  coupling  through  the  power 
supply. 


Transformer  Coupling 
Transformer  coupling  between  stages  is  sel- 
dom  used  except  in  cases  where  it  is  necessary 
to  go  from  a  single-ended  stage  to  a  push-pull 
stage,  or  when  power  is  to  be  transferred.  In 
the  latter  case  resistance  coupling  is  highly 
inefficiënt,  but  the  necessity  for  power  transfer 
does  not  arise  in  purely  voltage  amplifiers. 
Representative  circuits  for  single-ended  to 
push-pull,  frequently  used  for  exciting  the 
grids  of  a  Class-A  or  AB  driver  for  a  Class-B 
amplifier,  are  shown  in  Fig.  613.  In  A,  a  plate 
resistor  is  used  for  coupling,  through  the  block¬ 
ing  condenser  C3,  to  the  transformer  primary. 
The  values  given  in  Table  II  should  be  used, 
and  the  gain  is  that  given  in  Table  II  multiplied 
by  the  secondary-to-primary  turns  ratio  of  the 
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Fig.  613  —  Transformer-coupled  amplifier  circuits  for 
driviug  a  push-pull  amplifier.  A,  resistance-transformer 
coupling;  B,  transformer  coupling.  Designations  corrc- 
spond  to  those  of  Fig.  611.  In  A,  values  can  be  taken 
from  Table  II.  In  B,  tbe  cathodc  resistor  is  calculated 
from  tbe  ratcd  plate  current  and  grid  bias  as  given  for 
the  particular  type  of  tube  used  as  listed  in  Chapter  20. 
A  is  preferable  for  best  frequency  characteristic,  B  for 
transferring  power  to  the  following  grids,  or  for  maxi¬ 
mum  voltage  gain. 

transformer.  This  ratio  usually  is  2:1.  In  this 
circuit  the  transformer  primary  does  not  carry 
direct  current,  which  is  advantageous  in  im- 
proving  the  frequency  response. 

In  B  the  transformer  primary  is  in  series 
with  the  plate  of  the  tube  and  thus  must  carry 
the  tube  plate  current.  When  the  following 
amplifier  operates  without  grid  current,  the 
voltage  gain  of  the  stage  is  practically  equal  to 
the  fi  of  the  tube  multiplied  by  the  transformer 
ratio. 

Triodes  ha  ving  an  amplification  factor  of  20 
or  less  are  used  in  transformer-coupled  voltage 
amplifiers,  since  practicable  transformers  do 
not  have  high  enough  primary  impedance  to 
give  good  gain  and  frequency  response  when 
used  with  pentodes  or  high-p  triodes. 

Voltage  Output 

The  column  marked  “Output  Volts”  in 
Table  II  is  important  in  the  selection  of  the 
tube  to  excite  the  modulator  or  driver.  A  tube 
capable  of  delivering  the  necessary  peak  volt¬ 
age  must  be  used  for  this  purpose.  This  column 
shows  the  maximum  output  voltage  obtainable 
without  distortion,  assuming  that  the  signal  at 
the  grid  is  large  enough  to  produce  this  voltage. 

In  stages  preceding  the  last  voltage  amplifier 
this  column  may  be  ignored,  since  low-level 
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tubes  are  never  worked  near  full  capacity.  In 
these  stages  the  voltage  gain  is  the  important 
consideration. 

Phase  Inveraion 

Push-pull  output  may  be  secured  with  re- 
sistance  coupling  by  using  an  extra  tube  as 
shown  in  Fig.  614.  There  is  a  phase  shift  of  180 
degrees  through  any  normally-operating  resis- 
tance-coupled  stage,  and  the  extra  tube  is  used 
purely  to  provide  this  phase  shift  without  addi- 
tional  gain.  The  outputs  of  the  two  tubes  are 
then  added  to  give  push-pull  excitation  to  the 
next  amplifier. 

In  Fig.  614,  Vi  is  the  regular  amplifier,  con- 
nected  in  normal  fashion  to  the  grid  of  one  of 
the  push-pull  tubes.  The  next-stage  grid  re¬ 
sistor  is  tapped  so  that  part  of  the  output 
voltage  is  fed  to  the  grid  of  the  phase  inverter, 
V 2.  This  tube  then  amplifies  the  signal  and 
applies  it  in  reverse  phase  to  the  grid  of  the 


Fig.  614  —  Phase  invcrsion  circuit  for  driviug  a  push- 
pull  amplifier  without  a  transformer.  Ri,  grid  resistor; 
Rz  and  Rj,  plate  load  resistors;  R4  and  Rs,  next  stage 
grid  resistors;  Ci  and  Cz,  blocking  or  coupling  condens- 
ers;  Ca,  plate  by-pass  condenser.  Re  is  equal  to  half  the 
value  specified  in  the  table  if  separate  tubes  are  used  at 
Vj  and  Vz;  for  doublé  triodes  such  as  the  6N7  the 
cathodc  resistor  is  given  for  both  triode  sections. 

second  push-pull  tube.  Two  similar  tubes 
should  be  used  at  Fj  and  V2,  with  identical 
plate  resistors  and  output  coupling  condensers. 
The  tap  on  Rn  is  adjusted  to  make  V\  and  F2 
give  equal  voltage  outputs  so  that  balanced 
excitation  is  applied  to  the  grids  of  the  follow¬ 
ing  stage. 

The  cathode  resistor,  R&,  commonly  is  left 
un-bypassed  since  this  tends  to  help  balance  the 
circuit.  Double-triode  tubes  are  frequently 
used  as  phase  inverters. 

Choosing  a  Tube  Lineup 

When  high  gain  is  required,  a  pentode  ordi- 
narily  is  used  as  the  first  voltage  amplifier. 
The  second  and  third  tubes  generally  are  triodes. 
There  is  less  danger  of  instability  with  the 
pentode-triode  combination  than  with  a  pen¬ 
tode  followed  by  a  pentode. 

As  an  illustration  of  design,  suppose  that  a 
Class-B  modulator  which  requires  5  watts  of 
driving  power  is  to  be  used.  Consulting  the 
tables  in  Chapter  20,  and  hearing  in  mind  the 
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desirability  of  providing  more  driving  power 
than  is  actually  used,  it  is  found  that  push-pull 
2A3’s  giving  10  watts  output  will  make  a  satis- 
factory  driver.  The  grid  bias  required  is  62 
volts,  so  that  the  peak  grid-to-grid  voltage  will 
be  124  volts  (actually,  a  slightly  higher  voltage 
will  be  needed  since  the  tubes  will  be  working 
Class-AB  and,  with  self-bias,  the  operating 
bias  will  rise  somewhat  under  full  output;  this 
is  taken  care  of  in  the  allowance  for  reserve 
gain  in  the  voltage  amplifier).  Assume  that  a 
erystal  microphone,  having  an  output  of  0.01 
volt,  is  to  be  used. 

The  2A3’s  are  to  be  coupled  to  the  preceding 
amplifier  through  a  transformer  having  a  2:1 
step-up  ratio,  therefore  the  preceding  stage 
must  be  capable  of  a  voltage  output  of  at  least 
124/2,  or  62  peak  volts.  A  6C5  is  capable  of  this 
output  with  the  circuit  shown  in  Pig.  613-B, 
since  with  this  circuit  the  voltage  output  can 
be  as  high  as  the  highest  figure  for  a  particular 
type  of  tube  in  Table  II.  The  tube  gain  will  be 
approximately  equal  to  the  n,  which  from  the 
tube  tables  of  Chapter  20  is  found  to  be  20. 
The  signal  required  at  the  6C5  grid  is  62/20,  or 
3.1  volts.  A  6J7  folio wing  the  microphone  can 
give  a  gain  (from  Table  II)  of,  say,  104,  so 
that  its  output  will  be  104  X  0.01,  or  1.04  peak 
volts.  One  more  stage  capable  of  a  gain  of 


Fig.  616  —  Output  limiting  circuit  to  prevent  over* 
modulation. 

Cl,  C2,  Cs,  C4  —  0.1-fifd.  paper. 

Ri,  R2,  Rs  —  250,000  ohma. 

R4  —  25,000-ohm  potentiometer. 

Rs  — 100,000  ohma. 

T  —  See  text. 

difficult  to  speak  into  the  microphone  at  a 
constant  intensity.  To  maintain  reasonably 
constant  output  from  the  modulator  in  spite 
of  variations  in  speech  intensity,  it  is  possible 
to  use  automatic  gain  control  which  follows  the 
average  (not  instantaneous)  variations  in 
speech  amplitude.  This  is  accomplished  by 
rectifying  and  filtering  some  of  the  audio  out¬ 
put  and  applying  the  rectified  and  filtered  d.c. 
to  a  control  electrode  in  an  early  stage  in  the 


Fig.  615  —  Block  diagram  of  a 
typicai  speech  amplifier,  showing 
voltage  gain  and  signal  level  at 
each. 
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3.1/1.04,  or  about  3,  is  needed.  Allowing  a 
factor  of  safety,  a  6J5  with  a  gain  of  15  will 
provide  ample  gain. 

The  speech  amplifier  then  will  look,  in  block 
form,  like  Fig.  615. 

Gain  Control 

Gain  control  methods  are  similar  to  those 
used  in  audio  amplifiers  in  receivers  (Chapter 
4).  The  gain  control  potentiometer  should  be 
near  the  input  end  of  the  amplifier  so  that  there 
will  be  no  danger  that  stages  ahead  of  the  gain 
control  will  overload.  With  carbon  micro- 
phones  the  gain  control  may  be  placed  directly 
across  the  microphone  transformer  secondary, 
but  with  other  types  the  gain  control  usually 
will  affect  the  frequency  response  of  the  micro¬ 
phone  when  connected  directly  across  it.  The 
control  is  therefore  usually  placed  in  the  grid 
of  the  second  stage. 

Output  Limiting 

It  is  desirable  to  modulate  as  heavily  as 
possible  without  overmodulating,  yet  it  is 


amplifier.  The  principle  is  similar  to  that  of 
a.v.c.  in  a  receiver. 

A  practical  circuit  for  this  purpose  is  shown 
in  Fig.  616.  The  rectifier  must  be  connected, 
through  the  transformer,  to  a  tube  capable  of 
delivering  some  power  output  (a  small  part  of 
the  output  of  the  power  stage  may  be  used)  or 
else  a  separate  amplifier  for  the  rectifier  cir¬ 
cuit  alone  may  have  its  grid  connected  in 
parallel  with  that  of  the  last  voltage  amplifier. 
Resistor  R4  in  series  with  across  the  plate 
supply  provides  variable  bias  on  the  rectifier 
plates  so  that  the  limiting  action  can  be  de- 
layed  until  a  desired  microphone  input  level  is 
reached.  R2,  Rs  and  C2,  Cs,  C4  form  the  filter, 
and  the  output  of  the  rectifier  is  connected  to 
the  suppressor  grid  of  the  pentode  first  stage 
of  the  speech  amplifier. 

A  step-down  transformer  giving  about  50 
volts  when  its  primary  is  connected  to  the  out¬ 
put  circuit  should  be  used.  A  half-wave  recti¬ 
fier  can  be  used  instead  of  the  full-wave  circuit 
shown,  although  satisfactory  filtering  is  more 
difficult. 
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Workshop  Practice 

Tools  —  Constructional  Methods  —  Coil  Winding 


In  contrast  to  earlier  days  of  amateur  radio, 
when  many  components  were  available  only 
at  prohibitive  prices  or  not  at  all,  the  con- 
struction  of  a  piece  of  equipment  today  re- 
solves  itself  chiefly  into  proper  assembly  and 
wiring  of  the  various  components. 

•  TOOLS 

While  the  greater  the  variety  of  tools  avail¬ 
able,  the  easier  and,  perhaps,  the  better  the  job 
may  be  done,  with  a  little  thought  and  care  it 
is  possible  to  turn  out  a  fine  piece  of  equipment 
with  comparatively  few  common  hand  tools. 
A  list  of  tools  which  will  be  found  indispensable 
in  the  construction  of  amateur  equipment  will 
be  found  on  this  page.  With  these  tools  it 
should  be  possible  to  perform  any  of  the  re- 
quired  operations  in  preparing  panels  and 
metal  chassis  for  assembly  and  wiring.  A  few 
additional  tools  will  make  certain  operations 
easier,  so  it  is  a  good  idea  for  the  amateur  who 
does  constructional  work  at  intervals  to  add  to 
his  supply  of  tools  from  time  to  time.  The  fol- 
lowing  list  will  be  found  helpful  in  making  a 
selection: 

Bench  vise,  4-in.  jaws 
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Long-nose  pliers,  0-in. 

Diagonal  cutting  pliers,  6-in. 

Screwdriver,  6-  to  7-in.,  %-in.  blade 
Screwdriver,  4-  to  5-in.,  /di-in,  blade 
Scratch  awl  or  ice  piek  for  marking  lines 
Combination  square,  12-in.  for  laying  out  work 
Hand  drill,  chuck  or  larger,  2-speed  type 

preferable 

Electric  soldering  iron,  100  watts 
Hacksaw,  12-in.  blades 
Center  punch  for  marking  hole  centera 
Hammer,  ball  pien,  1-lb.  head 
Heavy  knife 

Yardstick  or  other  straight  edge 
Carpenter’s  brace  with  adjuBtable  hole  cutter  or 
socket-hole  punchea  (see  text) 

Pair  small  **  C”  clamps  for  holding  work 
Large  coaree  flat  file 

Large  round  or  rat-tail  file,  diameter 

Three  or  four  small  and  medium  files,  flat,  round, 
half-round,  triangular 

Drills,  particularly  %-in.,  and  Noa.  18,  28,  33,  42 
and  50 

Combination  oil  stone  for  sharpening  tools 
Solder  and  soldering  paste  (non-corroding) 
Medium-weight  machine  oil 


Tin  shears,  10-in.  for  cutting  thin  sheet  metal 
Taper  reamer,  J^-in.  for  enlarging  small 
holes 

Taper  reamer,  1-in.  for  enlarging  holes 
Countersink  for  brace 

Carpenter’s  plane,  8-  to  12-in.  for  woodwork- 
ing 

Carpenter’s  saw,  cross-cut 
Motor-driven  emery  wheel  for  grinding 
Long-shank  screwdriver  with  screw-holding 
clip  for  tight  places 

Set  of  “spintite”  Socket  wrenches  for  hex 
nuts 

Set  small  flat  open-end  wrenches  for  hex  nuts 
Wood  chisel,  J4-in. 

Cold  chisel,  J^-in. 

Wing  dividers,  8-in.  for  scribing  circles 
Set  machine-screw  taps  and  dies 
Folding  rule,  6-ft. 

Dusting  brush 

Several  of  the  pieces  of  light  woodworking 
machinery,  often  sold  in  hardware  stores  and 


ABC 


Fig.  7 01  — Important  surface  angles  in  drill  sharpening 
The  point  surfaces  of  the  drill  shonld  be  ground  back 
from  the  cutting  edges  so  that  they  are  higher  than  the 
rest  of  the  surfaces;  the  angle  of  12  to  15  degrees  shown 
at  A  is  quite  eritical.  The  an  gle  between  the  center  point 
of  the  drill  and  the  cutting  edges  should  be  120  to  135 
degrees,  as  shown  at  B.  The  best  angle  between  the  axis 
of  the  drill  and  the  cutting  edge  is  50  degreeg,  as  shown 
at  C.  It  is  highly  important  to  keep  the  length  of  the 
cutting  edges  A  and  B  equal. 


mail-order  retail  stores,  are  ideal  for  amateur 
radio  work,  especially  the  drill  press,  grinding 
head,  band  and  circular  saws  and  joiner.  Al- 
though  unnecessary,  they  are  mentioned  here 
for  those  who  may  be  in  a  position  to  acquire 
them. 

Care  of  Tools 

To  a  good  workman,  the  proper  care  of  tools 
is  not  only  a  matter  of  pride,  but  he  also  real- 
izes  the  energy  which  may  be  saved  and  the 
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Outlets  for  lamp 


Fig.  702  —  A  work  bench  for  the  amateur  shop.  The 
legs  are  of  4-in.  by  4-in.  stock,  the  side  rails  and  "junk 
shelf”  of  1-in.  boards  and  the  top  of  lj^-in.  or 
planks.  Three-eighths-inch  carriage  bolts  should  be 
used  to  secure  the  legs.  The  top  may  be  covered  with 
linoleum  or  similar  material  to  present  a  more  attractive 
appearance  and  to  prevent  screws  and  nuts  from  falling 
through  the  cracks  between  the  boards. 

annoyance  which  may  be  avoided  by  well  kept 
sharp-edge  tools.  A  few  minutes  with  the  oil 
stone  or  emery  wheel  now  and  then  will  main- 
tain  the  fine  cutting  edges  of  knives,  drills, 
chisels,  etc. 

Drills  should  be  sharpened  at  frequent  in¬ 
tervals  so  that  grinding  is  kept  at  a  minimum 
each  time.  This  makes  it  easier  to  maintain  the 
rather  critical  surface  angles  for  best  cutting 
with  least  wear.  These  angles  are  illustrated  in 
Fig.  701. 

The  soldering  iron  may  be  kept  in  good 
condition  by  keeping  the  tip  well  tinned  with 
solder  and  not  allowing  it  to  run  at  full  voltage 
for  long  periods  when  it  is  not  being  used. 
After  each  period  of  use,  the  tip  should  be  re- 
moved  and  cleaned  of  any  scale,  which  may 
have  accumulated.  An  oxidized  tip  may  be 
cleaned  by  dipping  in  sal  ammoniac  while  hot 
and  wiping  clean  with  a  rag.  Should  the  tip 
become  pitted,  it  should  be  filed  until  smooth 
and  then  tinned  by  dipping  it  in  solder. 

AU  tools  should  be  wiped  occasionally  with 
an  oily  cloth  to  prevent  rust. 

•  WORK  BENCH  FOR  THE  AMATEUR 

SHOP 

The  sketch  of  a  simple  but  satisfactory  work 
bench  is  shown  in  Fig.  702.  If  space  is  avail- 
able,  it  should  be  6  to  9  feet  long.  Half-pint 
mayonnaise  jars  make  excellent  receptacles  for 
screws,  etc.  They  need  not  be  labelled  for  the 
contents  may  be  seen  at  a  glance.  Rubber 
stamp  racks  commonly  sold  in  stationery 
stores  make  good  holders  for  screwdrivers,  etc. 


•  USEFUL  MATERIALS 

Small  stocks  of  various  miscellaneous 
materials  will  be  required  from  time  to 
time.  Most  of  them  may  be  purehased  from 
hardware  or  radio-supply  stores.  A  repre- 
sentative  list  follows: 

j^-in.  by  1  /16-in.  brass  strip  for  brackets, 
etc.  (half-hard  for  bending) 

J4-in.  square  brass  rod  or  Jüj-in.  by  J^-in. 

by  1  /16-in.  angle  brass  for  corner  joints 
14- in.  diam.  round  brass  rod  for  shaft 
extensions 

Machine  screws:  Round-head,  flat-head 
with  nuts  to  fit.  Most  useful  sizes, 
4-36,  6-32,  and  8-32  in  lengths  from 
K-in.  to  lj^-in.  (Nickeled  iron  will  be 
found  satisfactory  except  in  strong  r.f. 
fields  where  brass  should  be  used.) 
Plain  washers  and  lock  washers  for  screws 
Bakelite  and  hard  rubber  scraps 
Soldering  lugs,  panel  hearings,  rubber 
grommets,  lug  terminal  strips,  cambric 
tubing 

Machine  screws,  nuts,  washers,  soldering 
lugs,  etc.,  are  most  reasonably  purehased  in 
quantities  of  a  gross. 

•  CHASSIS  AND  PANELS 
A  definite  plan  should  be  followed  in  laying 
out  and  drilling  a  chassis  and  panel.  Drill  the 
mounting  holes  in  the  panel  first  and  then 
clamp  the  panel  to  the  chassis  while  drilling 
the  mounting  holes  in  the  chassis.  Before  re- 
moving  the  panel,  mark  a  clear  line  across  the 
back  of  the  panel  along  the  top  edge  of  the 
chassis  for  future  reference. 

Cover  the  top  of  the  chassis  with  a  piece  of 
wrapping  paper,  or  preferably  cross-section 
paper,  folding  the  edges  down  over  the  sides 
of  the  chassis  and  fastening  with  adhesive  tape. 
Next,  assemble  parts  to  be  mounted  on  top  of 
the  chassis  and  move  them  about  until  a  satis¬ 
factory  arrangement  has  been  found,  keeping 
in  mind  any  parts  which  are  to  be  mounted 
underneath  so  that  interferences  in  mountings 
will  be  avoided.  Place  condensers  and  other 
parts  with  shafts  extending  to  the  panel  first 
and  arrange  so  that  the  Controls  will  form  the 
desired  pattern  on  the  panel.  Be  sure  to  line 
up  the  shafts  square  with  the  chassis  front. 
Locate  any  partition  shields  and  panel  brack¬ 
ets  next  and  then  sockets  with  their  shields, 
if  used,  and  other  parts,  marking  the  mount- 
ing-hole  centers  of  each,  accurately,  on  the 
paper.  Watch  out  for  condensers  whose  shafts 
do  not  line  up  with  the  mounting  holes.  Do  not 
forget  to  mark  the  centers  of  Socket  holes  and 
holes  for  leads  under  i.f.  transformers,  etc.,  as 
well  as  holes  for  wiring  leads. 

By  means  of  the  square,  lines  indicating  ac¬ 
curately  the  centers  of  shafts  should  be  ex- 
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tended  to  the  front  of  the  chassis  and  marked 
on  the  panel  at  the  chassis  line  by  fastening  the 
panel  temporarily.  The  hole  centers  may  now 
be  punched  in  the  chassis  with  the  center 
punch  and  the  paper  removed  for  drilling  and 
cutting  holes.  After  drilling,  the  parts  which 
require  mounting  underneath  may  be  located 
and  the  mounting  holes  drilled,  making  sure  by 
trial  that  no  interferences  exist  with  parts 
mounted  on  top.  Mounting  holes  along  the 
front  edge  of  the  chassis  should  be  transferred 
to  the  panel  by  once  again  fastening  the  panel 
to  the  chassis  and  marking  from  the  rear. 

Next  mount  on  the  chassis  the  condensers 
and  any  other  parts  with  shafts  extending  to 
the  panel,  and  measure  accurately  the  height  of 
the  center  of  each  shaft  above  the  chassis  as 
illustrated  in  Fig.  703.  The  horizontal  dis¬ 
placement  of  shafts  having  already  been 
marked  on  the  chassis  line  on  the  panel,  the 
vertical  displacement  may  now  be  measured 
from  this  line  and  the  shaft  centers  marked  on 
the  back  of  the  panel  and  the  holes  drilled. 
Holes  for  any  other  panel  equipment  coming 
above  the  chassis  line  may  now  be  marked  and 
drilled  and  the  remainder  of  the  apparatus 
mounted. 

Drilling  and  Cutting  Holes 

In  drilling  holes  in  metal  with  the  hand  drill, 
it  is  important  that  the  centers  be  well  located 
with  the  center  punch  so  that  the  drill  point 
will  not  “walk”  away  from  the  center  when 
starting  the  hole.  Care  should  bc  used  to  pre¬ 
vent  too  much  pressure  with  small  drills  which 
bend  or  break  easily.  When  the  drill  starts  to 
break  through,  special  care  should  be  used  and 
it  is  often  an  advantage  to  shift  a  two-speed 
drill  to  low  gear  at  this  point.  Holes  near 
in  diameter  may  be  started  with  a  smaller  drill 
and  reamed  out  with  a  larger  drill. 

The  chuck  of  the  usual  type  of  hand  drill  is 
limited  to  M-in.  drills.  Although  it  is  rather 
tedious,  the  j4-in.  hole  may  be  filed  out  to 
larger  diameters  with  round  files.  Another  pos- 
sible  method  with  limited  tools  is  to  drill  a 
series  of  small  holes  with  the  hand  drill  along 
the  insidc  of  the  diameter  of  the  large  hole, 


Fig.  7 03  —  Method  of  measuring  heights  of  shafts. 
If  the  Bquare  is  adjustable,  the  end  of  the  scale  should  be 
Bet  flush  with  the  face  of  the  head. 
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placing  the  holes  as  close  together  as  possible. 
Tbe  center  may  then  be  knocked  out  with  a 
cold  chisel  and  the  edges  smoothed  up  with  a 
file.  Taper  reamers  which  fit  in  the  carpenter’s 
brace  make  the  job  much  easier.  A  large  rat- 
tail  file  may  be  clamped  in  the  brace  and  makes 
a  very  good  reamer  for  holes  up  to  the  diam¬ 
eter  of  the  file  if  the  file  is  revolved  counter- 
clockwise. 

For  socket  holes  and  other  large  round  holes, 
an  adjustable  cutter  designed  for  the  purpose 
may  be  used  in  the  brace.  When  the  cutter  is 
well  sharpened,  it  makes  the  job  easy.  Occa- 
sional  application  of  machine  oil  in  the  cutting 
groove  usually  helps.  The  cutter  should  first  be 
tried  out  on  a  block  of  wood  to  make  sure  that 
it  is  set  for  the  correct  diameter.  Probably  the 
easiest  device  of  all  for  cutting  socket  holes  is 


Fig.  704  —  Cutting  rectangular  chassis  holes.  The 
hacksaw  blade  caD  be  inBerted  in  one  of  the  four  holes 
and  then  fastened  in  the  haeksaw  frame.  The  other  holes 
can  be  used  in  turning  the  corners  or  in  getting  new 
starting  points  for  the  blade. 


the  socket-hole  punch.  The  best  type  works  by 
pressure  applied  by  turning  a  screw  with  a 
wrench. 

Square  or  rectangular  holes  may  be  cut  out 
by  using  the  series  of  small  holes  previously 
described,  but  more  easily  by  drilling  a  J^-in. 
hole  inside  each  corner,  as  illustrated  in  Fig. 
704,  and  using  these  holes  for  starting  and 
turning  the  hacksaw. 

The  burrs  or  rough  edges  which  usually 
result  in  drilling  or  cutting  holes  may  be  re¬ 
moved  with  a  file  or  sometimes  more  con- 
veniently  w’ith  a  sharp  knife  or  chisel.  It  is  a 
good  idea  to  keep  an  old  wood  chisel  sharpened 
up  for  this  purpose. 

Cutting  Threads 

Brass  rod  may  be  threaded  or  the  damaged 
threads  of  a  screw  repaired  by  the  use  of  dies. 
Holes  of  suitable  size  (see  drill  chart)  may  be 
threaded  for  serews  by  means  of  taps.  Either 
are  obtainable  in  any  Standard  machine-screw 
size.  A  set  usually  consists  of  taps  and  dies  for 
4-36,  6-32,  8-32,  10-32  and  14-20  sizes  with  a 
suitable  holder  for  either  tap  or  die.  The  die 
may  be  started  easily  by  filing  a  sharp  taper 
or  bevel  on  the  end  of  the  rod.  In  tapping  a 
hole,  extreme  care  should  be  used  to  prevent 
breaking  the  tap.  The  tap  should  be  kept  at 


NUMBERED  DRHL  SIZES 


imber 

Diameter 
( mils ) 

Will  Clear 
Screw 

Drilled  for 
Tapping  Iron , 
Steel  or  Brass* 

i 

228.0 

— 

— 

2 

221.0 

12-24 

— 

3 

213.0 

— 

14-24 

4 

209.0 

12-20 

— 

5 

205.0 

— 

— 

6 

204.0 

— 

— 

7 

201.0 

— 

— 

8 

199.0 

— 

— 

9 

196.0 

— 

— 

10 

193.5 

10-32  - 

— 

11 

191.0 

10-24 

— 

12 

189.0 

— 

— 

13 

185.0 

— 

— 

14 

182.0 

— 

— 

15 

180.0 

— 

— 

16 

177.0 

— 

12-24 

17 

173.0 

— 

— 

18 

169.5 

8-32 

— 

19 

166.0 

— 

12-20 

20 

161.0 

— 

— 

21 

159.0 

— 

10-32 

22 

157.0 

— 

— 

23 

154.0 

— 

— 

24 

152.0 

— 

— 

25 

149.5 

— 

10-24 

26 

147.0 

— 

— 

27 

144.0 

— 

— 

28 

140.5 

6-32 

— 

29 

136-0 

— 

8-32 

30 

128.5 

— 

— 

31 

120.0 

— 

— 

32 

116.0 

— 

— 

23 

113.0 

4-36  4-40 

— 

34 

111.0 

— 

— 

25 

110.0 

— 

6-32 

36 

106.5 

— 

— 

37 

104.0 

— 

— 

38 

101.5 

— 

— 

39 

099.5 

3-48 

— 

40 

098.0 

— 

— 

41 

096.0 

— 

— 

42 

093.5 

— 

4-36  4-40 

43 

089.0 

2-56 

— 

44 

086.0 

— 

— 

45 

082.0 

— 

3-48 

46 

081.0 

— 

— 

47 

078.5 

— 

— 

48 

076.0 

— 

— 

49 

073.0 

— 

2-56 

50 

070.0 

— 

— 

51 

067.0 

— 

— 

52 

063.5 

— 

— 

53 

059.5 

— 

— 

54 

055.0 

— 

— 

*  Uee  one  si  ze  larger  drill  for  tapping  bakelite  and  hard 
rubber. 


right  angles  to  the  surface  of  the  material  and 
rotation  should  be  reversed  a  revolution  or 
two  whenever  the  tap  starts  to  turn  hard. 
With  care,  holes  may  be  tapped  rapidly  by 
clamping  the  tap  in  the  chuck  of  the  hand  drill 
and  using  slow  speed.  Machine  oil  applied  to 
the  tap  usually  makes  cutting  easier  and  stick- 
ing  less  troublesome. 

Cutting  and  Bending  Sheet  Metal 
If  a  sheet  of  metal  is  too  large  to  be  con- 
veniently  cut  with  a  hacksaw,  it  may  be 
marked  with  scratches  as  deep  as  possible 
along  the  line  of  the  cut  on  both  sides  of  the 
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sheet  and  then  clamped  in  a  vise  and  worked 
back  and  forth  until  the  sheet  breaks  at  the 
line.  Do  not  carry  the  bending  too  far  until  the 
break  begins  to  weaken,  otherwise,  the  edge  of 
the  sheet  may  become  bent.  A  pair  of  iron  bars 
or  pieces  of  heavy  angle  stock,  as  long  or  longer 
than  the  width  of  the  sheet,  used  in  the  vise 
will  make  the  job  easier.  “C”  clamps  may  be 
used  to  keep  the  bars  from  spreading  at  the 
ends.  The  rough  edges  may  be  smoothed  up 
with  a  file  or  by  placing  a  large  piece  of  emery 
cloth  or  sandpaper  on  a  fiat  surface  and  run¬ 
ning  the  edge  of  the  metal  back  and  forth  over 
the  sheet. 

Bends  are  made  similarly.  The  sheet  should 
be  scratched  on  both  sides,  but  not  too  deeply, 

Cleaning  and  Finishing  Metal 

Parts  made  of  aluminum  may  be  cleaned  up 
and  given  a  satin  finish,  after  all  holes  have 
been  drilled,  by  placing  them  in  a  solution  of 
lye  for  half  to  three-quarters  of  an  hour.  Three 
or  four  tablespoonsful  of  lye  should  be  used  to 
each  gallon  of  water.  If  more  than  one  piece  is 
treated  in  the  same  bath,  each  piece  should  be 
separated  from  the  others  so  as  to  expose  all 
surfaces  to  the  solution.  Overlapping  of  pieces 
may  result  in  spots  or  stains. 

Crackle  Finish 

Wood  or  metal  parts  may  be  given  a  crackle 
finish  by  applying  one  coat  of  clear  Duco  or 
Tri-Seal  and  allowing  it  to  dry  over  night.  A 
coat  of  Kern  Art  Metal  Finish  is  then  sprayed 
or  put  on  thickly  with  a  brush,  taking  care 
that  the  brush  marks  do  not  show.  This  should 
be  allowed  to  dry  for  two  or  three  hours  and 
the  part  should  then  be  baked  in  a  household 
oven  at  225  degrees  for  one  and  one-half  hours. 
This  will  produce  a  regular  commercial  job. 
This  finish  comes  in  several  different  colors  and 
is  produced  by  the  Sherwin-Williams  Paint 
Co.  and  should  be  obtainable  through  any 
dealers  handling  Sherwin-Williams  products. 

•  HOOK-UP  WIRE 

A  popular  type  of  wire  for  receivers  and 
low-power  transmitters  is  that  known  as 
“push-back”  wire  which  comes  in  sizes  of 
No.  18  or  20  which  is  sufficiently  large  for  all 
power  circuits  except  filament.  The  insulating 
covering,  which  is  sufficiënt  for  circuits  where 
voltages  do  not  exceed  400  or  500,  may  be 
pushed  back  a  few  inches  at  the  end  making 
cutting  of  the  insulation  unnecessary  when 
making  a  connection.  Filament  wires  should  be 
of  sufficiently  large  conductor  to  carry  the  re- 
quired  current  without  appreciable  voltage  drop 
(see  Wire  Table,  Chapter  Twenty).  Rubber- 
covered  house  wire  sizes  No.  14  to  No.  10  is 
suitable  for  heavy-current  transmitting  tubes, 
while  No.  18  to  No.  14  flexible  wire  is  satis- 


CHAPTER  SEVEN 


107 


The  Radio  Amateur  s  Handbook 


factory  for  receivers  and  low-drain  transmit- 
ting  tubes  where  the  total  length  of  WÏre  i8  H0t 
excessive. 

Stiff  bare  wire,  sometimes  called  bus-wire ,  is 
most  favored  for  the  high  r.f.-potential  wiring 
of  transmitters  and,  where  practicable,  in 
receivers.  It  comes  in  sizes  No.  14  and  No.  12 
and  is  usually  tin-dipped.  Soft-drawn  antenna 
wire  may  also  be  used.  Kinks  or  bends  may  be 
removed  by  stretching  10  or  15  feet  of  the  wire 
and  then  cutting  into  small  usable  lengths. 

The  insulation  covering  power  wiring  which 
will  carry  high  transmitter  voltages  should  be 
appropriate  for  the  voltage  involved.  Wire 
with  rubber  and  varnished  cambric  covering, 
similar  to  ignition  cable,  is  usually  available  at 
radio  dealers.  Smaller  sizes  have  sufficiënt  in¬ 
sulation  to  be  safe  at  1000  to  1500  volts,  while 
the  more  heavily  insulated  types  should  be 
used  for  voltages  above  1500. 

•  WIRING  TRANSMITTERS  AND 

RECEIVERS 

It  is  usually  advisable  to  do  the  power-sup- 
ply  wiring  first.  The  leads  should  be  bunched 
together  in  cable  form  as  much  as  possible  and 
kept  down  close  to  the  surface  of  the  chassis. 
Chassis  holes  for  wires  should  be  lined  with 
rubber  grommets  to  fit  the  hole  to  prevent  chaf- 
ing  of  the  insulation.  In  cases  where  power- 
supply  leads  have  several  branches,  it  is  often 
convenient  to  use  fibre  terminal  strips  as 
anchorages.  These  strips  also  form  handy 
mountings  for  wire-terminal  resistors,  etc. 
When  any  particular  unit  is  provided  with  a 
nut  or  thumb-screw  terminal,  solder-lug  wire 
terminals  to  fit  are  useful. 

High-potential  r.f.  wiring  should  be  well 
spaced  from  the  chassis  or  other  grounded 
metal  surfaces  and  should  run  as  directly  as 
possible  between  the  points  to  be  connected 
without  fancy  bends.  When  wiring  balanced  or 
push-pull  circuits,  care  should  be  taken  to 
make  the  r.f.  wiring  on  each  side  of  the  circuit 
as  symmetrical  as  possible.  When  it  is  neces- 
sary  to  pass  r.f.  wiring  through  the  chassis,  a 
feed-through  insulator  of  low-loss  material 
should  be  used,  or  the  hole  in  the  chassis  should 
be  of  sufficiënt  size  to  provide  plenty  of  air 
space  around  the  wire.  Large-diameter  rubber 
grommets  may  be  used  to  prevent  accidental 
short-circuit  to  the  chassis. 

By-pass  condensers  should  be  connected 
directly  to  the  point  to  be  by-passed  and 
grounded  immediately  at  the  nearest  available 
mounting  screw,  making  certain  that  the 
screw  makes  good  eleetrical  contact  with  the 
chassis.  In  using  tubular  paper  by-pass  con¬ 
densers,  care  should  be  taken  to  connect  the 
“foil”  side  to  ground. 

Blocking  and  coupling  condensers  should  be 
mounted  well  spaced  from  the  chassis. 
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High-voltage  wiring  should  be  done  in  such 

a  marnier  that  exposed  points  are  kept  at  a 

minimum  and  those  which  cannot  be  avoided 
are  rendered  as  inaccessible  as  possible  to 
accidental  contact. 

•  SOLDERING 

The  secret  of  good  soldering  is  in  allowing 
time  for  the  joint,  not  the  solder,  to  attain  suf¬ 
ficiënt  temperature.  Sufficiënt  heat  should  be 
applied  so  that  the  solder  will  melt  when  it 
comes  in  contact  with  the  wire  forming  the 
joint  without  the  necessity  for  touching  the 
solder  to  the  iron.  Soldering  paste,  if  the  non- 
corroding  type,  is  extremely  useful  when  used 
correctly.  In  general,  it  should  not  be  used  for 
radio  work  except  when  it  is  necessary  to  make 
the  soldered  joint  with  one  hand.  In  this  case, 
the  joint  should  first  be  warmed  slightly  and 
the  soldering  paste  applied  with  a  piece  of 
wire.  Only  the  soldering  paste  which  melts 
from  the  warmth  of  the  joint  should  be  used.  If 
the  soldering  iron  is  clean,  it  will  be  possible  to 
piek  up  a  drop  of  solder  on  the  tip  of  the  iron 
which  can  be  applied  to  the  joint  with  one 
hand,  while  the  other  is  used  to  hold  the  con- 
necting  wires  together.  The  use  of  excessive 
soldering  paste  causes  the  paste  to  spread  over 
the  surface  of  adjacent  insulation  causing 
leakage  or  breakdown  of  the  insulation.  Except 
where  absolutely  necessary,  solder  should 
never  be  depended  upon  for  the  mechanical 
strength  of  the  joint;  the  wire  should  be 
wrapped  around  the  terminals  or  clamped  with 
soldering  terminals. 

•  CONSTRUCTION  NOTES 

Lockwashers  should  be  used  under  nuts  to 
prevent  loosening  with  use,  particularly  when 
mounting  tube  sockets  or  plug-in  coil  recep- 
tacles  subject  to  frequent  strain. 

If  a  control  shaft  must  be  extended  or  in¬ 
sulated,  a  flexible  shaft  coupling  with  adequate 
insulation  must  be  used.  Satisfactory  support 
for  the  shaft  extension  may  be  provided  by 
means  of  a  metal  panel  bearing  made  for  the 
purpose.  Never  use  panel  hearings  of  the  non- 
metal  type  unless  the  condenser  shaft  is 
grounded.  The  metal  bearing  should  be  con¬ 
nected  to  the  chassis  with  a  wire  or  grounding 
strip.  This  prevents  any  possible  danger 

•  COIL  CEMENT 

Duco  cement,  obtainable  universally  at 
hardware,  stationery  or  five-and-ten-cent 
stores,  is  a  very  satisfactory  substance  for 
fastening  coil  turns.  For  small  coils,  however, 
it  is  rather  thick  and  a  better-looking  job  will 
result  if  it  is  thinned  out  with  acetone,  amyl 
acetate  sometimes  referred  to  as  banana  oil. 
If  desired,  the  solution  may  be  made  thin 
enough  to  permit  application  with  a  brush. 


Construction  of  Receivers 

Regenerative  Receivers  —  Low-Cost  Superhet  Designs — Con- 
verters  —  Beat  Oscillators  —  Preselection  —  Antenna 

Tuning 


J.HE  hoine-built  receiver  has  strong  competi- 
tion  to  meet  in  the  greatly-diversified  line  of 
receiving  equipment  now  available  from  a  num- 
ber  of  manufacturers,  especially  on  a  cost  basis. 
The  question  of  whether  to  buy  or  build  is, 
therefore,  not  easily  decided.  However,  the 
satisfaction  that  comes  from  having  built  one’s 
own  receiver,  plus  more  ready  willingness  to 
experiment,  as  new  ideas  come  aiong  to  be 
tried,  with  the  product  of  one’s  own  hands  than 
with  a  factory-made  outfit,  are  two  reasons  in 
favor  of  home  construction.  This  is  especially 
true  with  the  simpler  types  of  set.  It  must  be 
admitted  that  the  average  manufactured  re¬ 
ceiver  of  the  more  elaborate  variety  is  charac- 
terized  by  a  much  higher  order  of  mechanical 
construction  than  is  possible  with  simple  tools 
in  the  home  workshop. 

The  receivers  described  in  this  chapter  have 
been  built  upon  the  principle  of  obtaining  maxi¬ 
mum  performance  per  dollar  of  cost.  They  are 
all  relatively  inexpensive  to  build.  Free  use  is 
made  of  regeneration  to  obtain  gain  and  selec- 
tivity  with  a  small  number  of  tubes  and  cir¬ 
cuits.  This  means  that  much  of  the  success 
of  the  receiver  depends  upon  the  skill  of  the 
operator  in  bringing  its  inherent  performance 
capabilities  to  realization.  This  skill  can  easily 
be  acquired  with  a  little  practice,  and  once 
acquired  the  operator  can  rest  assured  that  his 
results  compare  favorably  with  those  obtained 
from  much  more  expensive  equipment. 

The  receivers  described  here  do  not  include 
power-supply  equipment.  It  is  best  not  to  at- 
tempt  to  build  the  receiver  and  power  supply 
on  the  same  chassis,  since  considerable  care 
is  needed  to  prevent  hum  from  either  electrical 
or  mechanical  shortcomings.  The  power  supply 
requirements  are  given,  and  the  supply  itself 
may  be  constructed  from  the  data  in  Chapter  1 1 . 

•  A  TWO-TUBE  REGENERATIVE  RE¬ 
CEIVER 

The  simplest  receiver  capable  of  giving  satis- 
factory  results  in  everyday  operation  is  one 
consisting  of  a  regenerative  detector  plus  a 
single  audio  amplifier  for  headphone  output. 
Figs.  801-805,  inclusive,  show  a  two- tube  re- 
cerver  of  this  type  whieh  is  well  suited  for 
duplication  by  beginners.  Since  dry-battery 


tubes  as  well  as  those  intended  for  operation 
from  the  a.c.  line  may  be  used  in  it,  it  is  also 
a  thoroughly  practical  portable  receiver  as  well. 
Light-weight  dry  “A”  and  “B”  batteries  will 
furnish  power  for  it  with  excellent  life. 

The  circuit  diagram  is  given  in  Fig.  803. 
Socket  connections  for  both  battery  and  a.c. 
tubes  are  the  same,  although  if  a.c.  tubes  are  to 
be  used  exclusively  the  screen-grid  connection 
shown  in  the  audio  stage  may  be  omitted, 
while  if  battery  tubes  only  are  to  be  used  the 
cathode  resistor,  .R3,  and  by-pass  condenser, 
C 9,  in  the  audio  amplifier  can  be  left  out. 

The  receiver  is  built  on  a  7  by  7  by  2  inch 
metal  chassis.  The  top  view  of  the  set  shows 
clearly  how  the  parts  are  arranged  on  the  base 
and  panel.  The  sockets  for  the  two  tubes  and 
the  power-supply  plug  (at  the  rear)  project 
through  the  base.  Each  hole  should  be  just 
large  enough  to  pass  the  Socket  —  about  1 3ds 
inches  in  diameter  —  and  the  centers  should  be 
2 %  inches  back  from  the  panel  and  inches 
in  from  the  edges  of  the  chassis. 

The  coil  Socket  is  midway  between  the  two 
tube  sockets  and  is  also  2%  inches  behind  the 
panel.  This  Socket  is  supported  by  two  1 3^-inch 


Fig.  8 01  —  The  receiver  mounted  in  its  cabinct  and 
ready  for  use. 
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Fig.  802  —  A  top-of-chaBsis  view  of  the  two-tube  re- 
generative  receiver. 


6-32  bolts.  The  socket  ring  is  held  firmly  on  the 
head  end  of  the  bolts  by  tightening  nuts  on  the 
under  side  of  the  ring,  and  the  bolts  are  then 
run  through  holes  in  the  chassis  and  held  firmly 
by  nuts  and  washers  on  both  sides.  If  small 
brass  pillars  are  available  to  slip  over  the  bolts, 
they  can  be  added  for  some  slight  additional 
strength. 

The  coil  socket  is  mounted  with  the  two  large 
holes  facing  towards  the  right-hand  side  of  the 
set  (looking  at  the  receiver  from  the  front)  and 
the  tube  sockets  are  mounted  with  the  notches 
on  the  centering  holes  towards  the  panel.  The 
orientation  of  supply-plug  socket  is  immaterial. 
Holes  in  the  chassis  for  leads  from  E  and  F  on 
the  coil  socket  are  made  large  enough  to  ac- 
commodate  small  rubber  grommets  which  in- 


sulate  the  wires  running  through  the  holes 
from  tke  metal.  A  soldering  lug  is  fastened 
under  the  supporting  bolt  adjacent  to  the  hole 
under  B,  and  the  wire  from  B  solders  to  this 
lug  to  form  a  ground  connection. 

The  antenna  terminal  is  made  from  a  small 
porcelain  stand-off  pillar,  secured  to  the  base 
by  a  bolt  from  the  underside,  and  a  bolt  is 
screwed  in  at  the  top  of  the  pillar  (after  the 
head  of  the  bolt  has  been  sawed  off)  and  locked 
in  place  by  a  nut.  The  antenna  condenser,  Cz,  is 
then  slipped  over  the  bolt  and  held  in  place  by 
another  nut.  Two  washers  are  then  slipped 
on  the  bolt  and  a  final  nut  completes  the  as- 
sembly,  which  swerves  as  a  support  for  the  con¬ 
denser  and  also  as  the  antenna  binding  post. 
The  ground  post  is  made  from  a  bolt  through 
the  baseboard  which  has  a  convenient  solder¬ 
ing  lug  held  in  place  by  a  washer  and  the  bot- 
tom  nut.  The  paint  should  be  scraped  from  the 
chassis  so  that  the  lug  makes  good  electrical 
contact. 

The  choke  Li  and  the  transformer  T\  are  held 
in  place  by  bolts,  and  holes  are  drilled  in  the 
base  for  the  wires  from  these  components. 

The  arrangement  of  parts  on  the  panel  will 
become  clear  after  inspection  of  the  front  and 
top  views.  The  condensers  C\  and  C2  are  sup- 
ported  on  the  panel  by  bolts  fastening  to  the 
mounts  provided  on  the  condensers.  Large 
holes  are  drilled  to  clear  the  shafts.  The  dial  is 
fastened  by  the  three  screws  provided  for  the 
purpose,  and  it  should  be  centered  carefully  so 
that  there  is  no  tendency  towards  binding, 
which  might  keep  the  dial  from  working 
smoothly. 

The  panel  measures  8  inches  by  8l/i  inches 
and  is  the  one  furnished  with  the  cabinet.  The 
band-set  condenser,  C 2,  and  the  regeneration 
control,  R 4,  are  2 %  inches  away  from  the  main 
tuning  condenser,  C\,  so  that  the  knobs  will 
clear  the  edge  of  the  dial.  C\  is  placed  in  the 
center  of  the  panel  and  the  switch,  Sw,  and 
the  phone  tip  jacks  are  centered  under  C2  and 
Ri  respectively,  at  a  height  of  1  inch  from  the 
bottom  of  the  panel. 
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No, 

Range,  Me. 

Amateur  Band,  Me. 

Li 

Turnt 

Lt 

Li 

Dimensions,  Inches 
a  b  e  d  e 

Band  Spread 
Tap 

1 

1.55-  3.0 

1.75 

*8% 

13% 

13 

(28) 

i% 

% 

% 

%  H 
(%) 

- 

2 

2.8  -  0.5 

3.5 

22% 

10% 

8% 

(20%) 

% 

% 

% 

H  % 
(%) 

— 

3 

5.0  -10.5 

7.0 

15% 

7% 

5 % 
(12%) 

% 

% 

% 

%  % 
(H) 

7 

4 

7.5  -16.5 

14.0 

9% 

(8%) 

i% 

5% 

(5%) 

% 

% 

% 

%  % 
(-)  (%) 

2% 

6 

16.0  -33.0 

28.0 

3 

3% 

2% 

y*  %  %  —  y* 

(not  recommended) 

1 

All  coils  are  wound  with  No.  24  d.s.e.  wire.  The  taps  are  counted  off  from  the  lower  end  of  Li  (connection  B);  coila  No. 
1  and  2  are  not  tapped  and  terminal  D  goes  directly  to  C  inaide  the  coil  form.  All  Li's  are  space- wound  except  on  coil 
No.  1;  all  Lïb  and  La  are  close-wound  except  on  coil  No.  5,  where  L%  is  space- wound  within  L\. 
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The  remaining  receiver  parts  are  mounted 
underneath  the  chassis.  They  can  be  identified 
readily  in  Tig.  804.  Although  the  exact  place¬ 
ment  of  parts  is  not  critical,  the  general  ar¬ 
rangement  shown  should  be  followed,  since  it 
results  in  short  radio-frequency  leads  and  also 
lends  itself  to  convenient  wiring. 

Connections  in  the  tuning  circuit  (between 
the  variable  condensers  and  the  coil  socket) 
are  made  with  bus  wire  as  shown  in  Fig.  802. 
A  wire  from  the  rotor  of  C 2  goes  to  the  rotor  of 
Ci  and  thence  to  B  on  the  coil  socket.  Another 


positions,  and  a  study  of  Fig.  804  will  furnish  a 
clear  picture  of  how  to  run  the  leads.  The  se- 
quence  of  the  connections  on  the  power-plug 
socket  is  of  no  importance.  The  switch,  Sw,  in 
the  positive  B  lead,  is  necessary  so  tliat  the  bat- 
tery  plate  supply  will  not  be  wasted  during 
transmission  periods.  The  heater  or  filament 
power,  which  is  left  on  during  any  operating 
period,  is  most  conveniently  disconnected  at 
the  source,  whether  it  be  battery  or  trans- 
former. 

Coil  data  are  given  in  the  table  and  should 


wire  from  B  goes  through  the  base  and  over  to 
the  No.  2  pin  of  the  detector  socket.  Finally,  a 
wire  from  B  is  run  to  the  ground  binding  post 
at  the  rear  of  the  set. 

The  grid  condenser,  Ct,  and  the  grid  leak,  R\, 
are  mounted  on  the  stator  terminal  of  C2,  being 
soldered  directly  to  the  lug.  Thus  only  a  short 
connection  is  needed  to  run  to  the  grid  cap  of 
the  tube  and  there  is  little  tendency  to  piek  up 
hum  from  nearby  power  wires. 

Pieces  of  bus  wire  are  used  to  connect  the 
stators  of  the  tuning  condensers  to  the  proper 


be  followed  closely  as  a  start.  When  starting  to 
wind  a  coil,  first  solder  one  end  of  the  wire 
in  the  proper  pin,  after  threading  the  wire 
through  a  small  hole  in  the  coil  form.  Then  se¬ 
cure  the  distant  end  of  the  wire  (after  unwind- 
ing  from  the  spool  as  much  wire  as  is  judged 
necessary  for  the  coil)  to  a  doorknob  or  other 
convenient  point,  and  wind  the  coil  by  stretch- 
ing  the  wire  taut  and  walking  towards  the  far 
end  of  the  wire  as  the  coil  form  is  revolved  in 
the  hand.  This  will  wind  the  wire  tightly  on  the 
form  and  result  in  a  much  better-looking  coil 


coil  socket  terminals,  and 
another  piece  of  the  wire 
is  used  from  F  on  the  coil 
socket  to  the  screen-grid 
pin  (No.  4)  of  the  detector 
socket.  The  rest  of  the 
connections  are  made  with 
smaller  “push-back” 
wire. 

Of  the  three  wires  from 
the  variable  resistor,  Rit 
the  one  from  the  right- 
hand  side  (looking  at  it 
from  the  back)  goes  to  the 
ground  bus,  the  center 
one  runs  over  to  one  side 
of  Cb,  and  the  third  ter¬ 
minal  connects  to  switch 
Sw  through  Rb.  Connected 


6J7or  6C5  or 


B+  “  C  +  -FJL.+ 


Storaqe  ÖalUry 


in  this  manner,  turning 
the  knob  clockwise  will 
increase  the  screen  volt- 
age  and  consequently  the 
feedback. 

In  connecting  C 9,  be 
iure  the  “plus”  terminal 
goes  to  the  No.  8  pin  on 
the  amplifier  tube  socket. 
The  “minus”  terminal 
should  connect  to  the 
common  ground  wire.  If 
this  connection  is  not 
made  properly,  the  con¬ 
denser  will  not  function 
correctly  and  may  be 
damaged. 

The  rest  of  the  wires 
are  placed  in  convenient 


With  !N5-GïWlA5, 

Fig.  803  —  Wiririg  diagram  of  the  two-tube  receiver. 

Ct  —  35-jjfifd.  midget  variable  (Milieu  20035  or  Hammarlund  HF-35). 

Ca  —  100-aafd.  midget  variable  (Mitlen  20100  or  I ] ammarlund  IIF-100). 

Ca  —  3-30-a/ifd.  mica  trimmer  condenser  (Milleo  26030,  Hammarlund  MEX  or 
National  M30). 

C4  —  100-asfd.  midget  mica. 

Ca  —  0.5-/jfd.,  400-voIt  paper. 

C«,  Ct  —  0.0005-gfd.  midget  miea. 

Cs  —  0.01-afd.,  600-volt  paper. 

C»  —  10-afd.,  25-volt  electrolytic. 

Rl  — 2-megohm,  1  -wat  t  carbon. 

Rl — 0.5-megohm,  ^£-watt  carbon. 

Ra  —  lOOO^thm,  J^-watt  carbon. 

R4  —  25,000-ohm  wire-wound  potentiometer. 

Ra  —  15,000 -ohm,  1-watt  carbon. 

Li,  La,  La  —  See  Fig.  805  and  coil  table. 

L*  —  500-benry  audio  choke  (Thordarson  T67C46). 

Ti  —  Audio  transformer  (Thordareon  T13A34). 

Sw  —  Single-pole  single-tbrow  toggle  switch. 

RFC  —  2.5-mb.  radio-frequency  choke. 
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than  if  the  form  is  held  and  the  wire  wrapped 
around.  When  the  proper  number  of  turns  Kas 
been  wound  on  the  form,  the  wire  is  cut  a  foot 
from  the  form  and  this  end  threaded  through 
the  proper  hole  and  pin  in  the  form.  The  insula- 
tion  is  then  scraped  from  the  end  of  the  wire 
brought  through  the  pin,  and  the  wire  is  sol- 
dered  to  the  pin.  The  important  thing  is  to 
wind  on  the  wire  evenly  and  as  tightly  as  pos- 
sible.  In  the  case  of  spaced  turns,  the  wire  is 
wound  on  first  by  spacing  the  turns  by  eye  and, 
after  the  ends  have  been  soldered,  the  turns 
can  be  moved  slightly  to  give  more  even 
spacing,  or  string  can  be  wound  between  the 
turns  and  then  unwound. 

Taps  are  made  on  L\  by  drilling  a  small  hole 
in  the  form  at  the  proper  point  (after  the  coil 
has  been  wound  and  properly  spaced),  scraping 
the  insulation  on  the  wire  for  a  very  small  dis- 
tance  either  side  of  the  hole,  and  soldering  the 
end  of  a  short  length  of  wire  to  the  scraped 
portion. 

After  the  set  is  eompleted  and  the  wiring 
checked  to  make  sure  that  it  is  exactly  as 
shown,  insert  the  No.  3  coil  (selected  because 
signals  can  usually  be  heard  in  this  range  at  any 
time  of  the  day  or  night)  in  the  coil  Socket  and 
eonnect  the  headphones,  antenna  and  ground, 
and  the  heater  supply.  The  heater  supply,  as 
well  as  the  plate  power,  is  conveniently  con- 
nected  by  means  of  a  5-wire  cable  and  a  5-prong 
plug  which  fits  into  the  socket  at  the  rear  of  the 
set.  After  the  heater  supply  has  been  connected 
for  a  few  minutes,  the  metal  tubes  should  feel 
warm  to  the  touch;  the  dry-battery  tubes  heat 
up  instantly  but  there  is  no  detectable  sign 
that  they  are  on.  If  the  tubes  do  not  warm  up, 
the  wiring  should  be  checked.  The  “B”  battery 


(and  “  C,”  if  needed)  can  now  be  connected  and 
the  switch,  3w,  closed.  The  switch  is  closed 
when  the  toggle  is  pointing  towards  the  side  of 
the  switch  from  which  the  terminals  are 
brought  out. 

Now  turn  the  regeneration  control  knob  in  a 
clockwise  direction  until  the  set  goes  into  oscil- 
lation.  This  phenomenon  is  easily  reeognizable 
by  a  distinct  click,  thud  or  hissing  sound.  The 
point  where  oscillation  just  begins  is  the  most 
sensitive  operating  point  at  that  particular 
dial  setting. 

The  tuning  dial  may  now  be  slowly  turned, 
the  regeneration  control  knob  being  varied 
simultaneously  (if  necessary)  to  keep  the  set 
just  oscillating.  A  number  of  stations  will  prob- 
ably  be  heard.  A  little  practice  will  make  tuning 
easy. 

If  the  set  refuses  to  oscillate,  the  sensitivity 
will  be  poor  and  no  code  signals  will  be  heard  on 
the  frequencies  at  which  such  signals  should  be 
expected.  It  should  oscillate  easily,  however,  if 
the  coils  are  made  exactly  as  shown  and  the 
tubes  and  batteries  are  good.  It  sometimes  hap¬ 
pens  that  the  antenna  takes  so  mueh  energy 
from  the  set  that  it  cannot  oscillate,  this  usu¬ 
ally  resulting  in  '‘holes”  in  the  range  where  no 
signals  can  be  picked  up  (and  where  the  hissing 
sound  cannot  be  obtained).  This  can  be  cured 
by  reducing  the  capacity  of  C3  (unscrewing  the 
adjusting  screw)  until  the  detector  again  oscil- 
lates.  If  it  still  refuses  to  oscillate,  the  coil  L3 
must  be  moved  nearer  to  L2  or,  in  extreme 
cases,  a  turn  or  two  must  be  added  to  L3.  This 
is  best  done  by  rewinding  with  more  turns 
rather  than  by  trying  to  add  a  turn  or  two  to 
the  already-wound  coil.  For  any  given  band  of 
frequencies,  adjust  C3  (and  possibly  L3)  so  that 
the  detector  oscillates  over  the 
whole  range,  using  as  much  ca¬ 
pacity  at  C3  as  is  possible.  This 
will  give  the  best  compromise 
between  dead  spots  and  signal 
strength.  It  will  be  found  that  less 
advancing  of  the  regeneration  con¬ 
trol,  K4,  is  required  at  the  high-fre- 
quency  end  of  a  coil  range  (C2  at 
or  near  minimum  capacity)  than  at 
the  low-frequency  range.  Since  it  is 
desirable  to  have  the  detector  go 
into  oscillation  with  the  regenera¬ 
tion  control  advanced  well  towards 
its  maximum,  the  best  adjustment 
of  the  antenna  condenser,  C3,  and 
the  feedback  coil,  L3,  is  that  which 
requires  almost  a  maximum  setting 
of  the  regeneration  control  at  the 
low-frequency  end  (maximum  ca¬ 
pacity  of  Ci)  of  any  coil  range. 

Coil  No.  1  just  misses  the  high- 
frequency  end  of  the  broadcast 
band,  but  it  is  possible  to  hear 


Fig.  804  —  The  underside  of  the  two-tube  receiver  chassis,  showing 
how  the  panel  is  spaced  away  from  the  chassis  (necessary  only  when  a 
cabinet  is  used). 
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police  stations  and  the  160-meter 
amateur  band  with  it,  as  well  as 
other  services.  The  amateur  band  is 
most  easily  located  by  listening  at 
night  (when  there  is  the  most  activ- 
ity),  setting  C 1  at  maximum  and 
slowly  tuning  with  C 2  until  some  of 
the  police  stations  are  heard.  These 
stations  operate  on  1712  kc.,  so  that 
once  found  they  become  “markers” 
for  the  low-frequency  end  of  the  band. 

Further  tuning  then  should  be  done 
with  the  main  tuning  dial,  and  many 
amateur  stations  should  be  heard. 

The  band-set  condenser  setting  will 
work  out  to  be  about  70%  to  80% 
fully  meshed,  for  the  160-meter  ama¬ 
teur  band. 

Locating  the  amateur  bands  on  the 
other  coils  is  done  in  much  the  same 
manner,  by  searching  carefully  with 
C2.  The  3.5-4. 0-Mc.  amateur  band 
will  be  found  on  coil  No.  2  at  about 
65%  setting  of  C%\  it  will  be  easiest  to 
locate  this  band  by  setting  C 1  at  mini¬ 
mum  capacity  (plates  unmeshed)  and 
adjusting  C 2  until  amateur  ’phone 
stations  are  heard.  Again  this  is  best  done  at 
night,  when  the  activity  is  heaviest  on  this 
band.  On  coil  No.  3,  the  7-Mc.  amateur  band 
will  be  found  with  C2  meshed  about  45%;  the 
14-  and  28-Mc.  bands  are  found  with  C2  meshed 
about  20%  and  15%  respectively. 

Since  a  regenerative  receiver  is  particularly 
susceptible  to  hum  troubles  when  operated 
with  a  rectified  a.c.  plate  supply,  a  90-volt  “B” 
battery  (two  45-volt  blocks  in  series)  is  recom- 
mended  for  this  purpose. 

A  suitable  antenna  for  the  receiver  would  be 
50  to  75  feet  long,  and  as  high  and  clear  of  sur- 
rounding  objects  as  possible.  The  ground  lead 
should  preferably  be  short;  a  ground  to  a 
heating  radiator  or  any  of  the  water  piping  is 
good.  (Bib.  1.) 

•  A  THREE-TUBE  GENERAL  COVERAGE 

AND  BAND-SPREAD  SUPERHET 

A  superhet  type  receiver  can  be  constructed 
almost  as  simply  as  a  regenerative  detector 
set,  but  is  of  course  capable  of  a  much  higher 
order  of  performance  especially  on  the  lower 
frequencies  where  image  response  is  not  seri- 
ous.  An  example  of  such  a  receiver  is  given  in 
Figs.  806-810.  The  circuit  uses  a  minimum 
number  of  tubes  for  good  performance,  and 
gives  continuous  frequency  coverage  from 
about  75  kc.  (4000  meters)  to  60  Mc.  (5 
meters).  Provision  is  made  for  spreading  each 
of  the  amateur  bands  over  most  of  the  tuning 
dial  The  receiver  is  intended  for  operation 
from  either  a  6.3-volt  transformer  or  6-volt 
storage  battery  for  filament  supply,  and  a  90- 
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Fig.  805  —  Tube  and  Socket  eonnections  for  the  re¬ 
ceiver.  AU  of  the  coils  except  No.  5  for  metal  tubes  and 
No.  4  for  battery  tubes  are  wound  as  at  A;  8  shows  how 
coil  No.  5  for  metal  tubes  and  No.  4  for  battery  tubes 
are  wound.  All  eoils  for  any  one  range  must  be  wound 
in  the  same  direction.  In  the'.table  (p.  110)  the  values 
given  in  parentheses  apply  only  to  the  battery -tube 
coils,  otherwise  the  values  are  the  same  for  both  types 
of  tubes. 

volt  “B”  battery  for  plate  supply.  It  can 
therefore  be  used  either  as  an  inexpensive  sta¬ 
tion  receiver  or  for  portable  work  when  a  car 
battery  is  available. 

The  circuit  diagram  is  given  in  Fig.  807.  A 
6K8  is  used  as  a  combined  oscillator-mixer, 
followed  by  a  6SK7  i.f.  amplifier.  The  inter- 
mediate  frequency  is  1600  kc.,  a  frequency 
which  reduces  image  response  on  the  higher 
frequencies  and  simplifies  the  design  for  low- 
frequency  operation  in  the  region  below  the 
broadcast  band.  One  section  of  the  6C8G 
doublé  triode  is  used  as  a  second  detector  and 
the  other  section  as  a  beat-frequency  oscilla- 
tor.  Headphone  output  is  taken  from  the 
plate  circuit  of  the  second  detector. 

To  simplify  construetion  and  eliminate  pad- 
ding  condensers  on  each  plug-in  coil,  the  an¬ 
tenna  circuit  is  not  ganged  with  the  oscillator, 
but  must  be  separately  tuned  to  resonance 
with  the  incoming  signal  if  maximum  signal 
strength  is  desired.  The  input  tuning  control, 
Ci,  may  be  used  as  a  volume  control  by  de- 
tuning  from  resonance. 

The  mixer  grid  circuit,  LiC\,  is  tuned  to  the 
signal  frequency;  L2  is  the  antenna  coupling 
coil.  The  oscillator  circuit,  L3C2C3,  is  tuned  1600 
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Fig.  806  —  The  three-tuhe  superhet,  deeigned  for 
heater  operation  and  90-volt  "B"  hattery  plate  gupply. 

kc.  higher  than  the  signal  on  frequeneies  up  to 
5  Mc.;  above  5  Mc.  the  oscillator  is  1600  kc. 
lower  than  the  signal  to  improve  stability.  The 
resonant  circuit  is  in  the  plate  of  the  oscillator 
and  a  tickler  in  the  grid  circuit  provides  the 
feedback  for  oscillation.  C2  is  the  general  cov- 
erage  or  band-setting  condenser,  C 3  the  band- 
spread  or  tuning  condenser.  C4  is  a  tracking 
condenser  which  sets  the  oscillator  tuning  range 


on  each  band  so  that  it  coin- 
cides  with  the  tuning  range  in 
the  mixer  grid  circuit 

The  i.f.  stage  uses  interstage- 
type  transformers  at  both  T 1 
and  T2;  these  are  permeability- 
tuned  units  with  silvered-mica 
fixed  padding  condensers.  The 
second  detector  is  cathode- 
biased  by  IÏ4,  with  Cu  a  by¬ 
pass  for  audio  frequeneies.  The 
plate  by-pass  condenser,  C12, 
helps  cut  down  high-frequency 
response  and  thus  reduces  hiss. 

The  second  6C8G  section  is 
the  beat  oscillator,  using  a  per- 
meability-tuned  transformer 
made  for  the  purpose.  The  grid 
condenser  and  leak  are  built 
into  the  transformer.  The  plate 
is  fed  through  the  b.o.  on-oS 
switch  and  a  dropping  resistor, 
füj,  the  latter  serving  both  to 
reduce  the  “B”  current  drain 
and  to  cut  down  the  output  of 
the  oscillator  to  a  value  suit- 
able  for  good  heterodyning.  No 
special  coupling  is  needed  between  the  beat  os¬ 
cillator  and  the  second  detector;  there  is  enough 
stray  coupling  between  the  two  sections  of  the 
tube  to  introducé  the  beat  frequency  into  the 
detector  circuit. 

The  plates  and  sereens  of  all  tubes  except  the 
beat  oscillator  are  operated  at  the  same  volt¬ 
age  —  90  volts.  The  “B”  current  drain  is  ap- 
proximately  15  milliamperes,  which  is  about 
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Cs  —  0.002-afd.  mica. 

C7  —  250-aafd.  mica. 

Cs  —  0.002-gfd.  mica. 

C»,  C10  —  0.01-fJd.  paper. 

C11  —  5-afd.  electrolytic,  50-volt. 
Cu,  Cis  —  0.002-jjfd.  mica. 

Rl  —  50,000  ohmg,  J^-watt. 

Rj,  Rs  —  250  ohmg,  ^-watt. 

R4  —  12,000  ohmg,  J^-watt. 

Rs  —  50,000  ohms,  1^-watt. 


Fig.  807  —  The  three-tuhe  superhet  wiring  diagram. 
Ci  —  140-gufd.  variahle  (Hammarlund  MC-140-M). 

Cj  —  100-mifd.  variahle  (Hammarlund  MC-100-M). 
Cs  —  35-jijifd.  variahle  (Hammarlund  HF-35). 

C4  —  Oscillator  padder;  see  coil  table. 

C»  —  0. 1-iifd.  paper. 


Ti,  T2  —  1600-kc.  permeability-tuned  i.f.  transformer, 
interstage  type  (Sickles  9282). 

T8  —  1600-kc.  heat  oscillator  transformer  (Sickles  9127). 
Li,  Ls,  La,  L4  —  See  coil  table. 

Si,  S2  —  S.p.s.t.  toggle  switch. 

RFC  —  2.5-mh.  r.f.  choke. 
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COIL  DATA  FOR  THE  THREE-TUBE  SEPERHET 


Range 

Turns 

Ct 

L\ 

£2 

£3 

£4 

Lz  Tap 

A  —  76-154  kc . 

166-360  kc . 

65 

12 

Top 

300  fifitd. 

400-1500  kc . 

2.5  mh.» 

*  1 

B— 1.6  to  3.2  Mc.  (160) . 

56 

42 

11 

75  M4d. 
100  MMfd. 
0.002  fiid. 

400  fififd. 
400  /i/xfd. 
300  fjfAd. 

C  —  3.00  to  5.7  Mc.  (80) . 

32 

8 

27 

9 

D  —  5.4  to  10.0  Mc.  (40) . 

18 

8 

22 

9 

E  —  9.5  to  18  Mc.  (20) . . 

10 

8 

12 

m 

2H 

1 

F  —  15.0  to  30  Mc.  (1Ó) . 

6 

4 

6 

G  —  30  to  60  Mc.  (5) .  * . 

3 

3 

3H 

*  See  Fig.  810  and  text  for  details.  C4  is  mounted  inside  oscillator  coil  form;  see  Fig.  810.  Band-spread  taps  on  L3  measured 
from  bottom  (plus-B  end)  of  coil.  L3-A  and  Li-B  coila  close- wound  with  No.  22  enamelled  wire;  L3-B  close- wound  with  No.  20 
enamelled;  all  other  grid  coils  (Li  and  L3)  wound  with  No.  18  enamelled,  spaced  to  give  a  length  of  1^  inches  on  a  1^£- 
inch  diameter  form  (Hammarlund  SWF)  except  the  G  coils,  which  are  spaced  to  a  length  of  1  inch  on  1-inch  diameter  forms 
(Millen  45004  and  45005).  Antenna  and  plate  coils,  L2  and  L4,  are  close-wound  with  No.  24  enamelled,  spaced  about  one- 
eighth  inch  from  bottoms  of  grid  coils,  except  for  L4-G,  which  is  interwound  with  L3. 


the  normal  drain  for  medhim-size  “B”  bat- 
teries.  The  receiver  will  opera  te  satisfactorily, 
but  with  somewhat  reduced  volume,  with  a 
single  45-volt  battery  for  “B”  supply. 

The  parts  arrangement  is  shown  in  the  pho- 
tographs  of  Figs.  808  and  809.  The  chassis  is 
5)4  by  934  by  134  inches.  The  panel,  made 
from  a  piece  of  aluminum,  is  1034  inches  wide 
and  6  inches  high.  The  mixer  tuning  condenser, 
Ci,  is  at  the  right,  band-spread  tuning  conden¬ 
ser  C3  in  the  center,  controlled  by  the  National 
Type  A  3J4-inch  dial,  and  the  band-set  con¬ 
denser,  C2,  at  the  left.  The  on-ofif  switches  for 
the  “B”  supply  and  the  beat  oscillator  are 
mounted  on  the  front  edge  of  the  chassis  as 
shown. 

Referring  to  the  top  view,  Fig.  808,  the  i.f. 
section  is  along  the  rear  edge,  with  T\  at  the 
right.  Next  is  the  socket  for  the  6SK7,  then  74 
and  finally  74  at  the  extreme  left.  The  socket 
for  the  6C8G  is  just  in  front  of  74.  The  triode 
section  with  the  grid  brought  out  to 
the  top  cap  is  used  for  the  beat  os¬ 
cillator. 

The  r.f.  section  has  been  arranged 
for  shortleads  to  favor  high-frequency 
opera tion.  The  three  sockets  grouped 
closely  together  in  the  center  are,  from 
left  to  right,  the  oscillator  coil  socket, 
socket  for  the  6K8,  and  the  mixer  coil 
socket.  All  are  mounted  above  the 
chassis  by  means  of  mounting  pillars, 
so  that  practically  all  r.f.  leads  are 
above  deck.  The  oscillator  grid  leak, 

Ri,  and  the  high-frequency  cathode 
by-pass  condenser,  Ca,  should  be 
mounted  directly  on  the  socket  before 
it  is  installed.  So  also  should  the  os¬ 
cillator  grid  condenser,  C'7,  which  can 


be  seen  extending  to  the  left  toward  the  oscil¬ 
lator  coil  socket  in  Fig.  808.  Power  supply  con- 
nections  should  be  soldered  to  the  6K8  socket 
prongs  before  the  socket  is  mounted,  and  these 
leads  brought  down  through  a  hole  in  the 
chassis. 

Ci  and  C 2  are  mounted  directly  on  the 
chassis.  C3  is  held  from  the  panel  by  means  of 
a  small  bracket  made  from  metal  strip,  bent  so 
that  the  condenser  shaft  lines  up  with  the  dial 
coupling.  A  shield  made  of  aluminum  separates 
the  oscillator  and  mixer  seetions;  this  shield 
is  essential  to  prevent  coupling  between  the 
two  circuits  which  might  otherwise  cause  inter- 
action  and  poor  performance. 

The  first  step  in  putting  the  receiver  into 
operation  is  to  align  the  i.f.  amplifier.  This 
should  preferably  be  done  with  the  aid  of  a  test 
oscillator,  but  if  one  is  not  available  the  circuits 
may  be  aligned  on  hiss  or  noise.  The  beat  oscil¬ 
lator  can  also  be  used  to  furnish  a  signal  for 


Fig.  808 —  A  plan  view  of  the  three-tube  superhet  with  the  coila 
and  tubes  removed. 
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Fig.  809  —  Below  the  chassis  of  the  three-tube  receiver.  The  r.f. 
choke  is  mounted  near  the  oscdlator  coil  socket  to  keep  tbe  r.f.  leads 
short.  In  the  i.f.  stage,  care  should  be  taken  to  keep  the  plate  and 
grid  leads  from  the  i.f.  transformer  short  and  well  separated.  A  four- 
wire  cable  is  used  for  power  supply  connections.  The  ’phone  tip  jaeks 
are  in  tbe  upper  right  corner. 


alignment.  Further  information  on  alignment 
may  be  found  in  Chapter  9. 

The  coils  are  wound  as  shown  in  Fig.  810. 
A  complete  set  of  specifications  is  given  in  the 
coil  table,  but  the  builder  can  make  only  those 
covering  frequencies  in  which  he  is  interested 
if  preferred.  Ordinary  windings  are  used  for 
all  oscillator  coils,  and  for  all  mixer  coils  for 
frequencies  above  1600  kc.  Below  1600  kc., 
readily  available  r.f.  chokes  are  used  for  the 
tuned  circuits.  For  the  broadcast  band  and 
the  600-750-meter  ship-to-shore  channels,  the 
mixer  coil  is  a  Hammarlund  2.5-mh.  r.f.  choke, 
with  the  pies  tapped  as  shown  in  Fig.  810.  The 
grid  end  and  the  intermediate  tap  are  connected 
to  machine  screws  mounted  near  the  top  of  the 
coil  form,  and  a  flexible  lead  is  brought  out 
from  the  grid  pin  in  the  coil  form  to  be  fastened 
to  either  lead  as  desired.  Mixer  coils  for  the 
two  lowest-frequency  ranges  are  constructed  as 
shown.  The  antenna  winding  in  each  case  is  a 
coil  taken  from  an  old  465-kG.  i.f.  transformer, 
having  an  inductance  of  about  1  millihenry. 
The  inductance  is  not  particularly  critical,  and 
a  pie  from  a  2.5-mh.  choke  may  be  used  instead. 

With  the  i.f.  aligned,  the  detector  and  oscil¬ 
lator  coils  for  a  band  can  be  plugged  in.  Cs 
should  be  set  near  minimum  and  Ci  tuned  from 
minimum  until  a  signal  is  heard.  Then  C\  is 
adjusted  for  maximum  signal  strength.  If  Cz 
is  set  at  the  high-frequency  end  of  an  amateur 
band,  further  tuning  should  be  done  with  C%, 
and  the  band  should  be  found  to  cover  about 
75  per  cent  of  the  dial.  Cs  can  of  course  be  used 
for  band-spread  tuning  outside  the  amateur 
bands.  It  is  convenient  to  calibrate  the  re¬ 
ceiver,  using  home-made  paper  scales  for  the 


purpose  as  shown  in  Fig.  806.  Cali- 
bration  points  may  be  taken  from 
incoming  signals  of  known  fre- 
quency,  from  a  calibrated  test  os¬ 
cillator,  or  from  harmonies  of  a 
100-kc.  oscillator  as  described  in 
Chapter  17.  The  mixer  calibrations 
need  only  be  approximate,  since 
tuning  of  the  mixer  circuit  has 
little  effect  on  the  oscillator  fre- 
quency.  It  is  sufficiënt  to  make  a 
calibration  which  ensures  that  the 
mixer  is  tuned  to  the  desired  signal 
rather  than  the  image. 

On  the  broadcast  band,  the  tun¬ 
ing  range  is  sueh  that  with  Cz  set 
at  1500  kc.  the  entire  band  will  be 
covered  on  Cs.  It  is  necessary,  how- 
ever,  to  change  the  tap  on  the 
mixer  coil  to  make  the  antenna 
circuit  cover  the  entire  band.  Only 
one  oscillator  coil  is  needed  for  the 
complete  range  from  75  to  1500 
kc.,  because  of  the  rather  high  in¬ 
termediate  frequency,  but  a  series 
of  coils  is  needed  to  cover  the  same  range  in  the 
mixer  circuit. 

The  sensitivity  of  the  receiver  on  56  Mc.  is 
OSCILLATOR  MIXER 


TOP  OF  SOCKET  VIEWS 


LOW-FREQUENCY  MIXER  COILS 

Fig.  810  —  How  the  coil»  lor  the  three-tube  superhet 
are  constructed.  On  the  hand-wound  coils,  all  windings 
are  in  the  same  direction. 
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Fig.  812  —  Pentode  andio  am- 
pliüer  for  the  three-tube  superhet. 
Except  as  noted  below,  com [to¬ 
nen  ts  corrcspond  to  those  hearing 
similar  numbers  in  Fig.  807. 

Cu  —  0.1-afd.  paper 

Cj 5  —  25-pfd.  electrolytic,  50-volt 
Ra  —  120,000  ohms,  J^-watt 
R7  —  500,000 -ohm  volumecontrol 
Rs  —  400  ohms,  1-watt 
J  —  Closed-circuit  jack 


not  as  good  as  on  the  lower  frequeneies,  or  as 
would  be  expected  from  a  receiver  laid  out 
primarily  for  ultra-high-frequency  operation, 
but  is  sufficiënt  for  occasional  listening  on  this 
band. 

Adding  an  Audio  Stage  to  the  Three-Tube 
Superhet 

Very  frequently  the  builder  of  a  small  re¬ 
ceiver  wishes  it  to  operate  a  loud  speaker.  The 
three-tube  receiver  just  described  is  designed 
for  headphone  operation,  but  readily  can  be 
converted  to  a  four-tube  set  for  use  with  a 
speaker.  For  this  purpose  a  6F6  pentode  can  be 
added  to  the  circuit  diagram  as  shown  in  Fig. 
812.  There  is  ample  chassis  space  for  installa- 
tion  of  the  additional  tube.  Figs.  811  and  813 
show  how  the  receiver  looks  when  completed. 

For  the  purpose  of  driving  the  audio  stage, 
resistance  coupling  is  used  from  the  plate  of  the 
second  detector  to  the  grid  of  the  6F6.  A  vol¬ 
ume  control  is  used  for  the  grid  resistor  of  the 
6F6,  and  a  jack  installed  in  the  second  detector 
plate  circuit  so  that  a  headphone  plug  may  be 
inserted.  The  volume  control,  R 7,  should  be  the 
midget  type  so  that  it  will  fit  in  the  chassis, 
and  is  installed  with  its  control  pro- 
jecting  under  the  tuning  dial.  In  the 
bottom  view,  Fig.  813,  the  6F6  Socket 
is  in  the  upper  left  corner,  along  with 
the  cathode  resistor  and  by-pass  con- 
denser,  R$  and  C 15.  The  coupling  con- 
denser,  Cu,  and  plate  resistor,  Rt,  are 
mounted  on  an  insulated  lug  strip 
near  the  volume  control. 

The  6F6  will  require  a  plate  supply 
of  250  volts  at  about  40  milliamperes. 

This  may  be  taken  from  a  regular 
power  pack,  and  a  five-wire  connec- 
tion  cable  is  used  to  provide  an  extra 
lead  for  the  purpose.  The  first  three 
tubes  may  be  operated  from  a  "B" 
battery  as  before.  Alternatively,  the 
power  supply  may  be  constructed 
with  a  tap  giving  90  or  100  volts  for 
these  tubes,  the  tap  being  connected 
to  the  proper  wire  in  the  connection 
cable.  For  best  performance,  the 
output  voltage  of  such  a  tap  should 


be  regulated  by  a  VR-105-30  regulator  tube. 

The  primary  winding  of  the  speaker  output 
transformer  always  should  be  connected  in 
the  plate  circuit  of  the  6F6  when  the  tube  is 
being  fed  “B”  voltage.  Operating  without  the 
plate  circuit  closed  is  likely  to  damage  the 
screen.  Any  speaker  having  a  transformer  with 
primary  impedance  of  7000  ohms  will  be  satis- 
factory;  a  permanent-magnet  dynamic  is  con- 
venient  since  no  field  supply  is  necessary. 

For  portable  work  the  ÓF6  may  be  removed 
from  the  receiver  and  the  three  tubes  used  on 
batteries  as  previously  described. 

•  A  REGENERATIVE  SINGLE-SIGNAL 

RECEIVER 

An  inexpensive  amateur-band  receiver  of 
relatively  simple  construetion,  using  i.f.  re- 
generation  for  single-signal  reception,  is  shown 
in  Fig.  814.  Fig.  815  gives  the  circuit  diagram. 
Itegeneration  is  used  in  the  mixer  circuit  to 
improve  the  signal-to-image  ratio  and  to  give 
added  gain. 

The  mixer,  a  6SA7,  is  coupled  to  the  antenna 
and  is  separately  excited  by  a  6J5  oscillator. 
There  is  a  single  460-kc.  i.f.  stage,  using  a 


Fig.  811  —  The  audio  amplifier  tube  installed  on  the  chassis  of 
the  three-tube  receiver. 
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Fig.  813  —  Additional  part8  for  the  audio  output  stage  can  read 
ily  be  ideutified  in  this  sub-chassis  view  of  the  receiver. 


6SK7  and  permeability-tuned  transformers. 
The  second  detector  and  first  audio  amplifier 
is  a  6SQ7  and  the  audio  output  tube  for  loud¬ 
speaker  operation  is  a  6F6.  The  separate  beat 
oscillator  circuit  uses  a  6C5.  A  VR-105  voltage 
regulator  tube  is  used  to  stabilize  the  plate 
voltage  on  the  oscillators  and  the  screen  volt¬ 
age  on  the  mixer  and  i.f.  tubes. 

To  make  construction  easy  and  to  avoid  the 
necessity  for  additional  trimmer  condensers 
on  each  coil,  the  mixer  and  high-frequency  os¬ 
cillator  circuits  are  separately  tuned.  Main 
tuning  is  by  the  oscillator  band-spread  con¬ 
denser,  C3,  which  is  operated  by  the  calibrated 
dial.  C2  is  the  oscillator  band-setting  condenser. 
The  mixer  circuit  is  tuned  by  C 1,  and  regenera- 
tion  in  this  circuit  is  controlled  by  R15,  con- 
nected  across  the  mixer  tickler  coil,  L%. 

7?i6  is  the  i.f.  amplifier  gain  control, 
which  also  serves  as  an  i.f.  regenera- 
tion  control  when  this  stage  is  made 
regenerative.  C15  is  the  regeneration 
condenser;  it  is  adjusted  to  feed  back 
a  small  amount  of  i.f.  energy  from  the 
plate  to  the  grid  of  the  6SK7  and  thus 
produce  oscillation.  If  the  high  selec- 
tivity  afforded  by  i.f.  regeneration  is 
not  wanted,  C15  may  be  omitted. 

Diode  rectification  is  used  in  the 
second  detector  circuit.  One  of  the 
two  diode  plates  in  the  6SQ7  is  used 
for  developing  a.v.c.  voltage,  being 
coupled  through  C22  to  the  detector 
diode.  The  detector  load  resistor  con- 
sists  of  R5  and  R7  in  series,  the  tap 
being  used  for  r.f.  filtering  of  the 
audio  output  to  the  triode  section  of 
the  tube.  Ris  is  the  a.v.c.  load  resist¬ 
or;  R9,  C 14  and  C12  constitute  the 
a.v.c.  filter  circuit.  Si  cuts  the  a.v.c. 
out  of  circuit  by  grounding  the  recti- 


fier  output.  The  headphones  connect 
In  the  plate  circuit  of  the  triode  sec¬ 
tion  of  the  6SQ7;  .Rn  is  the  audio 
volume  control. 

The  top  and  bottom  views,  Figs. 
816  and  817,  show  the  layout  quite 
clearly.  The  chassis  is  11  by  7  by  2 
inches  and  the  panel  7  by  12  inches, 
both  Standard  sizes.  The  band-spread 
tuning  condenser,  C3,  is  at  the  front 
center;  at  the  Ieft  is  C 1,  the  mixer 
tuning  condenser;  and  at  the  right, 
Ci,  the  oscillator  band-set  condenser. 
The  oscillator  tube  is  directly  behind 
C3,  with  the  mixer  tube  to  the  Ieft  on 
the  other  side  of  a  baffle  shield  which 
separates  the  two  r.f.  sections.  This 
shield,  measuring  4 by  4 Yi  inches, 
is  used  to  prevent  coupling  between 
oscillator  and  mixer.  The  mixer  coil 
socket  is  at  the  Ieft  edge  of  the  chassis 
behind  Ci;  the  oscillator  coil  socket  is  be¬ 
tween  C2  and  C3. 

The  i.f.  and  audio  sections  are  along  the  rear 
edge  of  the  chassis.  The  transformer  in  the 
rear  Ieft  corner  is  Ti;  next  to  it  is  the  i.f. 
tube,  then  Ti.  Next  in  line  is  the  6SQ7,  fol- 
lowed  by  the  6C5  beat  oscillator,  the  b.o. 
transformer,  T3  and  finally  the  6F6.  The  VR- 
105  is  just  in  front  of  T3.  The  i.f.  transformers 
should  be  mounted  with  their  adjusting  screws 
projecting  to  the  rear  where  they  are  easily 
accessible. 

The  Controls  along  the  bottom  edge  of  the 
panel  are,  from  Ieft  to  right,  the  mixer  regen¬ 
eration  control,  R15,  the  i.f.  gain  control,  Ri6, 
the  audio  volume  control,  R17,  and  the  beat- 
oscillator  vernier  condenser,  C21.  The  latter  has 


Fig.  814  —  A  7-tube  «uperhet  using  regeneration  to  give  single- 
signal  reception  and  improve  image  ratio.  The  dial  (National  ANC) 
may  be  directly  calibrated  for  each  amateur  band. 
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Fig.  816 —  Top  view  of  the  7-tube  superhet  without  coils  in 
place.  Placement  of  parts  ia  diacuaaed  in  the  text. 


the  corner  of  one  rotary  plate  bent  over 
so  that  when  the  condenser  plates  are 
fully  meshed  the  condenser  is  short- 
circuited,  thus  stopping  oscillation. 

The  tube  heaters  are  all  in  parallel, 
one  side  of  each  being  grounded  right 
at  the  tube  socket.  Only  one  filament 
wire  need  be  run  from  tube  to  tube. 

The  beat  oscillator  is  coupled  to 
the  second  detector  by  the  small  ca- 
pacity  formed  by  running  an  insulated 
wire  from  the  grid  of  the  6C5  close  to 
the  detector  diode  plate  prong  on  the 
6SQ7  socket.  Very  little  coupling  is 
needed  for  satisfactory  operation. 

In  wiring  the  i.f.  amplifier,  keep  the 
grid  and  plate  leads  from  the  i.f. 
transformers  fairly  close  to  the  chassis 
and  well  separated.  Without  C 15,  the 
i.f.  stage  should  be  perfectly  stable 
and  should  show  no  tendency  to  os- 
cillate  at  full  gain. 

The  method  of  winding  the  coils  is  shown  in 
Fig.  818  and  complete  specifications  are  given 
in  the  coil  table.  Ticklers  (L3)  for  the  mixer 


circuit  are  scramble-wound  to  a  diameter 
which  will  fit  readily  inside  the  coil  form  and 
mounted  on  stiff  leads  going  directly  to  the 


Fig.  815  —  Circuit  diagram  of  the  regenerative  superhet. 


Ci,  C2  —  50-io*fd.  variable  (Ham. 

marlund  MC-50-S). 

C3  —  35-aufd.  variable  (National 
UM-35). 

Ct  —  50-Mtffd.  mica. 

Cg,  Ce,  C7,  Cs  —  0.1-afd.  paper, 
600-volt. 

C»,  C10,  C11,  C13  —  0.01-/ifd.  paper, 
600-voit. 

C13,  Cjg  —  0.005-iifd.  mica. 

Cia —  3-30-aafd.  trimmer  (Na¬ 
tional  M-30);  gee  text. 

Cie  —  250-ii/ifd.  mica. 

C17,  Cis,  C2J  —  100-a/ifd.  mica. 

Cis,  C20 —  25-gfd.  electrolytic,  50- 

volt. 


C31  —  25-a^fd.  variable  (Hammar- 
lund  SM -25). 
lli  —200  ohms,  H-watt. 

Ra  —  20,000  ohms,  J^-watt. 

R3,  Ri,  Ra  —  50,000  ohme,  tt. 
Re  — 300  ohms,  I^-watt. 

R7  —  0.2  megohm,  3^-watt. 

Rs  —  2000  ohms,  H-watt. 

R9  —  1  megohm,  J^-watt. 

R10  —  0.1  megohm,  J4-watt. 

Rn  —  0.5  megohm,  14- walt. 

Ru  — 450  ohms,  1-watt. 

Ris  —  75,000  ohme,  1-watt. 

Rh— 5000  ohms,  10-watt  adjust- 
able. 

II16  —  10,000-ohm  volume  comrol. 

Rie  —  25,000-ohm  volume  control. 


R17  —  2-megohm  volume  control. 
Ris  —  2-megohms,  J^-watt. 

Ti  —  460-kc.  permeability-tuned 
i.f.  transformer,  interBtage 

type  (Millen  64456). 

Ta  —  460-kc.  permeability-tuned 
i.f.  transformer,  diode  type 
(Millen  64454). 

Ta  —  460-kc.  beat-oscillator  trans¬ 
former  (Millen  65456). 

RFC  —  2.5-mh.  r.f.  choke. 

J  —  Closed -circuit  jack. 

Si,  Sa  —  S.p.s.t.  toggle. 

Li -La,  inc.  —  See  coil  table. 

X  indicatet  jumper  ingide  VR-105 
base. 
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Fig.  817  —  The  bclow-chassis  wiring  ia  Bhown  in  this  view  of  the 
7-tube  reccivcr. 


proper  pins  in  the  form.  The  leads  should  be 
long  enough  to  bring  the  coils  inside  the  grid 
winding  at  the  bottom.  The  amount  of  feed¬ 
back  is  regulated  by  bending  the  tickler  coil 
with  respect  to  the  grid  coil.  Maximum  feed¬ 
back  is  secured  with  the  two  coils  coaxial,  mini¬ 
mum  when  the  tickler  axis  is  at  right  angles 
to  the  axis  of  L\.  The  position  of  La  should  be 
adjusted  so  that  the  mixer  goes  into  oscillation 
with  Ris  set  at  Yi  to  %  maximum  resistanee. 

The  oseillator  circuit  has  been  adjusted  to 
make  the  proper  value  of  rectified  grid  current 
flow  in  the  6SA7  injection  grid  (No.  1)  circuit 
on  each  amateur  band.  This  calls  for  a  fairly 
strong  feedback,  with  the  result  that  if  the 
band-set  condenser  is  set  toward  the  high- 
frequency  end  of  its  range  the  oseillator  may 
"squeg.”  This  is  of  no  consequence  unless  the 
receiver  is  to  be  used  for  Hstening  outside  the 
amateur  bands,  in  which  case  it  may  be  cor- 
rected  by  taking  a  few  turns  o£f  the  tickler 
coil,  La,  but  at  some  sacrifice  of  conversion 
efficiency  in  the  amateur  band  for  which  the 
coil  was  designed. 

The  i.f.  amplifier  can  be  aligned  most  con- 
veniently  with  the  aid  of  a  modulated  test  oscil- 
lator.  First  alignment  should  be  made  with  C 15 
disconnected  so  that  the  performance  of  the 
amplifier  non-regenerative  can  be  checked. 
A  headset  or  Ioud  speaker  can  be  used  as  an 
output  indicator.  The  mixer  and  oseillator 
coils  should  be  out  of  their  sockets,  and  R\s 
should  be  set  at  zero  resistanee. 

Connect  the  test  oseillator  output  across  C 1, 
which  should  be  set  at  minimum  capacity.  Ad- 
just  the  test  oseillator  frequeney  to  460  kc. 
and,  using  a  modulated  signal,  adjust  the 
trimmers  on  Ti  and  Ti  for  maximum  volume. 
R\a  should  be  set  for  maximum  gain,  and  the 


beat  oseillator  should  be  Ofl.  As 
the  circuits  are  brought  into  line, 
reduce  the  oseillator  output  to  keep 
from  overloading  any  of  the  ampli- 
fiers,  which  might  cause  a  false 
indication. 

After  the  i.f.  is  aligned,  plug  in  a 
set  of  coils  for  some  band  on  which 
there  is  a  good  deal  of  activity.  Set 
the  oseillator  padding  condenser, 
Ci,  at  approximately  the  right  ca¬ 
pacity;  with  the  coil  specifica tions 
given,  the  proportion  of  total  Ci 
capacity  on  each  band  will  be  about 
as  follows:  1.75  Mc.,  90  per  cent; 
3.5  Mc.,  75  per  cent;  7  Mc.,  95  per 
cent;  14  Mc.,  90  per  cent;  28  Mc., 
45  per  cent.  Set  the  mixer  regenera- 
tion  control,  Rib,  for  minimum  re- 
generation  —  no  resistanee  in  cir¬ 
cuit.  Connect  an  antenna.  Switch 
the  beat  oseillator  on  by  turning 
C21  out  of  the  maximum  position, 
and  adjust  the  screw  on  Ta  until  the  cliaracter- 
istic  beat-oscillator  hiss  is  heard. 

Now  tune  Ci  slowly  over  its  scale,  starting 
from  maximum  capacity.  Using  the  7-Mc. 
coils  as  an  example,  when  Ci  is  at  about  half 
scale  there  should  be  a  definite  increase  in 
noise  and  in  the  strength  of  the  signals  which 
may  be  heard.  Continue  on  past  this  point 
until  a  second  peak  is  reached  on  C\-,  at  this 
peak  the  input  circuit  is  tuned  to  the  frequeney 
which  represents  an  image  in  normal  reception. 
The  oseillator  in  the  receiver  is  designed  to 
work  on  the  high-freqeuncy  side  of  the  incom- 
ing  signal,  so  that  Ci  always  should  be  tuned  to 
the  peak  which  occurs  with  most  capacity. 

After  the  signal  peak  on  C\  has  been  i4enti- 
fied,  tune  Ca  over  its  whole  range,  following 
with  Ci  to  keep  the  mixer  circuit  in  tune,  to 
see  how  the  band  fits  the  dial.  With  C2  prop- 
erly  set,  the  band  edges  should  fall  the  same 
number  of  main  dial  divisions  from  0  and  100; 
if  the  band  runs  ofï  the  Iow-frequency  edge, 
less  capacity  is  needed  at  Ci,  while  the  eon- 
verse  is  true  if  the  band  runs  oÊF  the  high  edge. 
Once  the  band  is  properly  centered  on  the  dial, 
the  panel  may  be  marked  at  the  appropriate 
point  so  that  Ci  may  be  reset  readily  when 
changing  bands. 

To  check  the  operation  of  the  mixer  regener- 
ation,  tune  in  a  signal  on  C3,  adjust  Ci  for 
maximum  volume,  and  slowly  advance  the 
regeneration  control,  iïis.  As  the  resistanee 
increases  retune  Ci  to  maximum,  since  the 
regeneration  control  will  have  some  effect  on 
the  mixer  tuning.  As  regeneration  is  increased, 
signals  and  noise  will  both  become  louder  and 
Ci  will  tune  more  sharply.  Finally  the  mixer 
circuit  will  break  into  oscillation  when,  with  C 1 
right  at  resonance,  a  loud  carrier  will  be  heard 
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sinee  the  oscillations  generated  will  go  through 
the  receiver  in  exactly  the  same  way  as  an 
incoming  signal.  As  stated  before,  oscillation 
should  occur  with  lüis  set  at  half  to  three- 
quarters  full  seale.  In  practice,  always  work 
with  the  mixer  somewhat  below  the  critical 
regeneration  point  and  never  permit  it  actually 
to  oscillate.  On  the  lower  frequencies,  where 
images  are  less  serious,  the  tuning  is  less  critical 
if  the  mixer  is  non-regenerative.  In  this  case, 
always  set  Ru  at  zero  since  there  will  be  a 
range  on  the  resistor  where,  without  definite 
regeneration,  the  signal  strength  will  be  less 
than  it  is  with  zero  resistance. 

Should  the  mixer  fail  to  oscillate,  adjust  the 
coupling  by  changing  the  position  of  I/3  with 
respect  to  L\.  If  the  coil  happens  to  be  “poled” 
incorrectly,  the  circuit  will  not  oscillate.  This 
can  be  cured  by  rotating  Ls  through  180  de- 
grees.  It  is  best  to  test  the  mixer  regeneration 
first  with  the  antenna  off,  since  loading  effects 
may  give  misleading  results  until  it  is  known 
that  L%  is  properly  set  to  produce  oscillation. 

After  the  preceding  adjustments  have  been 
completed  the  i.f.  regeneration  may  be  added. 
Install  Cis,  taking  out  the  adjusting  screw  and 
bending  the  movable  plate  to  make  an  angle 
of  about  45  degrees  with  the  fixed  plate.  Re* 
align  the  i.f.  As  the  circuits  are  tuned  to  reso- 
nance  the  amplifier  will  oscillate,  and  each  time 
this  happens  the  gain  control,  Ris,  should  be 
backed  off  until  oscillations  cease.  Adjust  the 
trimmers  to  give  maximum  output  with  the 
lowest  setting  of  .S16.  At  peak  regeneration  the 


MIXER  OSCILLATOR 


TOP  OF  SOCKET  VIEWS 

Fig.  818  —  Coil  and  Socket  connections  for  the  7-tube 
euperhet. 


Band 

Coü 

COII.  TABLE 

Wire 

Size  Turns  Length 

Tap 

1.75  Mc. 

Li 

24 

70 

Close-wound 

— 

Ls 

24 

15 

44  44 

— 

LS 

22 

15 

— 

— 

U 

22 

42 

Close-wound 

Top 

Ls 

24 

15 

“  “ 

— 

3.5  Mc. 

Li 

22 

35 

“  11 

— 

Li 

22 

9 

“  44 

— 

Ls 

22 

12 

— 

— 

Li 

22 

25 

1  inch 

18 

l6 

22 

10 

Close-wound 

— 

7  Mc. 

Li 

18 

20 

1  inch 

— 

l2 

22 

5 

Close-wound 

— 

Ls 

22 

9 

— 

— 

Li 

18 

14 

1  inch 

6 

LS 

22 

6 

Close-wound 

— 

14  Mc. 

Li 

18 

10 

1  inch 

— 

l2 

22 

5 

Close-wound 

— 

La 

22 

7 

— 

— 

U 

18 

7 

1  inch 

2.4 

Ls 

22 

•  4 

Close-wound 

— 

28  Mc. 

Li 

18 

4 

1  inch 

— 

Li 

22 

4 

Close-wound 

— 

La 

22 

1.5 

— 

— 

L4 

18 

3.6 

1  inch 

1.4 

Ls 

22 

2.4 

Close-wound 

— 

All  coils 

except 

Ls  are 

IJ 4  inches  in  diameter. 

wound 

with  enamelled  wire  on  Hammarlund  SWF  Forms.  Spacing 
between  Li  and  La,  and  between  I.4  and  1.5,  approximately 
14  inch.  Band-spread  taps  are  meaaured  from  bottom 
(ground)  end  of  L*. 

La  for  28  Mc.  is  interwound  with  Li  at  the  bottom  end. 
La  for  ail  other  coils  is  self-supporting,  scramble-wound  to  a 
diameter  of  inch,  mounted  inside  the  coil  form  near  the 
bottom  of  Li. 

signal  strength  should  be  about  the  same,  de- 
spite  reduced  gain  in  the  amplifier,  as  without 
regeneration  at  full  gain.  Too  much  gain  with 
regeneration  will  have  an  adverse  effect  on 
selectivity. 

For  single-signal  c.w.  reception,  set  the  beat 
oscillator  so  that  when  Ru  is  advanced  to 
make  the  i.f.  just  go  into  oscillation  the  result- 
ing  tone  is  the  desired  beat-note  frequency. 
Then  back  off  on  Ru  to  obtain  the  desired  de- 
gree  of  selectivity.  Maximum  selectivity  will  be 
secured  with  the  i.f.  just  below  the  oscillating 
point.  The  “other  side  of  zero  beat”  will  be 
very  much  weaker  than  the  desired  side. 

A  useful  feature  of  the  band-spread  dial  is 
that  it  can  be  directly  calibrated  in  frequency 
for  each  band.  These  calibrations  may  be  made 
with  the  aid  of  a  100-kc.  oscillator  such  as  de- 
scribed  in  Chapter  17.  Ten-kc.  points  may  be 
plotted  if  a  10-kc.  multivibrator  is  available, 
but  since  the  tuning  is  almost  linear  in  each 
band  a  fairly  accurate  plot  will  result  if  each 
100-kc.  interval  is  simply  divided  off  into  ten 
equal  parts. 

Power  supply  requirements  for  the  receiver 
are  2.2  amp.  at  6.3  volts  for  the  heaters  and 
80  ma.  at  250  volts  for  the  plates.  Without  the 
pentode  output  stage  a  supply  giving  6.3 
volts  at  1.5  amp.  and  250  volts  at  40  ma.  will 
be  sufficiënt.  (Bib.  2.) 
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Fig.  819 —  Front  view  of  the  converter.  The  hand- 
spread  knob  is  at  the  center  with  the  band-set  and  de¬ 
tector  tuning  condenBers  to  the  right  and  left,  respec- 
tively.  The  antenna  and  on-off  switches  are  to  the  left 
and  right  at  the  hottom  of  the  panel. 

•  A  ONE-TUBE  CONVERTER 

Rather  than  building  a  complete  receiver, 
some  amateurs  prefer  to  use  a  “converter”  in 
conjunction  with  an  ordinary  broadcast  re¬ 
ceiver.  The  converter  is  simply  a  superhet 
mixer  and  oscillator  with  its  output  circuit  ar- 
ranged  to  feed  into  the  antenna  terminals  of 
the  broadcast  receiver.  By  this  method  the 
gain  and  selectivity  of  the  broadcast  receiver 
are  used,  and  an  amateur-band  receiver  can  be 
obtained  at  relatively  little  expense.  A  con¬ 
verter  also  is  useful  with  a  regular  Communica¬ 
tions  receiver  which  has  a  low-frequency  (460 
kc.  or  lower)  i.f.,  because  the  converter  output 
frequency  may  be  made  considerably  higher  — 
of  the  order  of  1600  kc.  —  with  a  consequent 
improvement  in  image  ratio  on  the  higher- 
frequency  amateur  bands  such  as  14  and  28  Mc. 
A  single-tube  converter  for  this  type  of  opera- 
tion  is  shown  in  Figs.  819-824  inclusive. 

Fig.  820  shows  the  circuit  diagram  of  the  con¬ 
verter.  A  6K8  functions  as  the  mixer-oscillator 
tube.  Ai  and  C\  form  the  mixer  tuned  circuit 
and  L^C-iCz,  the  oscillator  portion  of  the  6K8. 
Cz  may  be  tapped  across  the  coil  for  band- 


spread  to  suit  the  individu  al’s  choice;  the  taps 
suggested  in  the  coil  chart  give  approximately 
90-division  spread  with  the  dial  used.  A  sepa¬ 
rate  tickler  winding  provides  feed-back  for  the 
oscillator.  Ti  is  the  output  transformer. 

Nearly  all  the  parts  are  mounted  on  an  8)4 
by  4%  by  lj^-inch  chassis.  Those  remaining, 
Ci,  C j  and  the  dial  assembly,  mount  on  the 
panel  of  a  9  by  5  by  6  inch  cabinet.  The  top 
view,  Fig.  822  shows  the  positions  of  the  com- 
ponents  when  mounted.  Cz  is  elevated  above 
the  chassis  by  metal  pillars  which  allow  the 
condenser  shaft  and  assembly  to  be  properly 
aligned.  To  insure  short  r.f.  leads  the  tube  and 
coil  sockets  are  supported  on  pillars  also.  The 
heater  prongs  of  the  tube  socket  face  the  rear 
of  the  chassis.  Holes  1)4  inches  in  diameter  are 
drilled  below  the  sockets  so  the  prongs  can  be 
reached  easily  by  a  soldering  iron. 

The  by-pass  condensers,  resistors  and  switches 
are  below  the  base  as  shown  in  bottom  view, 
Fig.  823.  Output  and  power  leads  are  soldered 
to  lug  strips  fastened  in  place  by  the  socket  and 
output  transformer  screws  and  nuts. 

The  two  switches  on  the  front  wall  of  the 


Fig.821  —The converter  antenna  switch  wiring  diagram. 


chassis  should  be  mounted  before  the  panel 
is  attached.  Each  switch  should  have  an  extra 
nut  screwed  to  the  shaft;  this  provides  a  small 
space  between  the  chassis  and  panel  when  the 
two  are  fastened  together,  and  the  front  edge 
of  the  bottom  plate  slips  into  this  space  when 
the  cabinet  is  assembled.  The  panel  and  chassis 
are  held  firmly  together  by  a  third  nut  on  each 
switch  shaft. 


Fig.  820  —  Wiring  diagram  of  the 
single-tuhc  converter. 

Ci,  Ca  —  100-^jdd.  midget  variable 
(Millen  20100). 

Cj  —  35-^fd.  mid  get  variable 
(Millen  20035). 

Ct,  Cs  —  0.1-nfd.,  400-volt. 

Ce  —  0.01-^fd.,  400-volt. 

Rl  —  300  ohms,  J^-watt. 

Ra  —  50,000  ohms,  J^-watt. 

Re  —  20,000  ohms,  10-watt. 

Swi  —  S.p.s.t.  switch. 

Swj  —  4-pole  douhle-throw  switch  ( Yaxlev  3242J). 
Ti  —  Output  transformer  (Miller  512  WT). 

Dial  assembly  (Millen  10011). 
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Fig.  823  —  Bottom  view  of  the  converter.  Only  a  few  component» 
are  below  the  chassis. 


Fig.  821  shows  how  SW2  is  wired. 

This  switch  shifts  the  antenna  from 
the  converter  to  the  receiver. 

Coils  Li  and  Li  are  wound  on 
1-inch  diameter  forms  with  the  as- 
sociated  antenna  and  tickler  coils 
wound  approximately  J4  inch  be¬ 
low  the  main  windings.  Fig.  824 
shows  the  construction.  The  spac- 
ing  between  windings  is  not  too  im¬ 
portant  and  in  the  case  of  the 
1.75-Mc.  mixer  coil  will  have  to  be 
slightly  less  than  suggested,  be- 
cause  the  form  will  not  handle  all 
of  the  turns  otherwise. 

A  200-250-volt  receiver  power 
supply  may  be  used  with  the  con¬ 
verter.  The  heater  requirements 
are  6.3  volts  at  0.3  amperes.  It  is 
also  possi ble  to  tie  into  the  b.c.  or 
communication  receiver  supply  if 
it  is  capable  of  standing  the  extra  10  or  12 
ma.  “B”  drain  that  the  6K8  will  impose  upon 
it.  A  portable  supply  consists  of  a  6-volt  stor- 
age  battery  and  two  or  three  45-volt  “B” 
blocks.  For  automobile  operation  it  is  assumed 
that  the  car  battery  and  b.c.  receiver  supply 
will  be  employed. 

The  unit  may  be  tested  after  the  chosen 
power  supply  has  been  connected.  The  antenna 
and  converter  output  leads  are  connected  in 
place  first.  Power  is  then  applied  and  the  re¬ 
ceiver  turned  on.  The  band-setting  condenser, 
Ci,  is  set  at  half  scale  and  the  receiver  is  tuned 
to  a  frequency  between  1400-1600  kc.  The 


noise  level  as  heard  in  the  receiver  output  may 
be  used  as  a  tuning  indicator  with  which  to 
peak  up  the  converter  output  circuit.  The 
transformer  is  tuned  with  an  insulated  screw- 
driver  and  proper  peaking  will  be  indicated  by 
an  increase  in  noise. 

The  oscillator  band-spread  condenser  is  used 
to  tune  in  signals  after  a  band  has  once  been 
located  on  the  band-set  condenser.  The  mixer 
circuit  tuning  is  quite  broad  and,  as  a  result, 
it  is  not  necessary  to  reset  C\  each  time  the 
oscillator  circuit  is  tuned.  During  the  prelimi- 
nary  adjustments  the  condenser  may  be  lef t 
at  half  scale  unless  the  noise  level  is  sufficiently 
low  to  warrant  peaking  to  the  high- 
est  point  attainable.  For  regular  work 
the  circuit  need  be  retuned  not  more 
than  three  or  four  times  across  each 
band. 

A  signal  generator  or  amateur 
signals  of  known  frequency  may  be 
used  to  line  up  the  converter.  In  all 
cases  it  will  be  found  that  the  low- 
frequency  end  of  an  amateur  band 
comes  with  C\  adjusted  to  approxi¬ 
mately  half  scale.  The  band-spread 
condenser,  C3,  should  be  at  nearly 
maximum  capacity  during  the  lining 
up  procedure.  Because  only  part  of 
the  band-set  condenser  capacity  is 
required  to  tune  to  the  amateur  bands 
it  is  possible  to  use  the  converter  for 
general  coverage  by  setting  this  con¬ 
denser  to  higher  or  lower  capacity 
values. 

In  using  the  converter  with  a  broad- 
cast  receiver  some  provision  to  attain 
the  effect  of  a  beat  oscillator  must  be 
made  for  c.w.  reception.  This  may  be 
done  by  setting  the  receiver  or  i.f. 
system  to  the  frequency  of  a  weak 


Fig.  822  —  Top  view  of  the  converter.  Li  and  La  are  to  the  rigbt 
and  left  of  the  6K8.  The  output  transformer  stands  at  the  left.  The 
power-cable  output  leads  and  antenna  terminals  may  be  seen  along 
the  rear  wal!  of  the  chassis. 
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broadcast  station  carrier.  This  must  be  done 
before  the  converter  is  lined  up.  A  preferable 
method  is  to  use  a  separate  beat  oscillator  such 
as  is  described  in  the  subsequent  section. 

If  more  or  less  band-spread  than  the  specified 
coils  give  is  desired,  it  is  only  necessary  that 
the  band-spread  tap  be  moved  toward  the  grid 


TOP  VIEWS  OF  COIL  FORMS 


TOP  VIEW  OF  COIL  SOCKET  BOTTOM  VIEW  OF  TUBE  SOCKET 

Fig.  824 —  Socket  and  coil-fonn  pin  arrangement 
for  the  converter  coils. 

end  of  the  coil  for  less  spread,  or  toward  the 
ground  end  for  more.  (Bib.  3.) 

•  BEAT  OSCILLATOR  FOR  BROADCAST 
RECEIVERS 

When  a  converter  is  used  with  a  broadcast 
receiver,  some  provision  must  be  made  for 


getting  a  beat  note  for  c.w.  reception,  as  men- 
tioned  in  the  previous  section.  The  most  satis- 
factory  way  to  get  such  a  beat  frequency  is  by 
mean?  of  a  beat-oscillator  unit.  The  beat  oscil¬ 
lator  may  be  constructed  quite  simply  and  at 
Iittle  expense.  Fig.  825  shows  such  an  oscillator. 

The  circuit  diagram  is  shown  in  Fig.  826. 
Plate  voltage  is  fed  to  the  6C5  through  Iii. 
Ci  is  the  plate  by-pass  condenser.  The  grid  leak 
and  condenser  are  included  in  the  transformer. 
An  adjustable  condenser  shown  on  the  dia¬ 
gram  at  the  right  of  the  coil  is  used  to  set  the 
oscillator  frequency  to  the  receiver  intermedi- 
ate  frequency;  the  condenser  at  the  left  of  the 
coil  is  the  b.f.o.  control.  C2,  the  coupling  con¬ 
denser,  is  the  capacity  existing  between  the 
shielded  output  lead  and  the  receiver  i.f.  or 
second  detector  circuit.  The  lead  is  not  con- 
nected  to  either  of  these  stages  but  is  simply 
placed  near  enough  to  the  transformer  or  tube 
socket  for  sufficiënt  coupling. 

A  chassis  measuring  ZYi  by  2 H  by  1  l/i 
inches,  bent  from  a  piece  of  1/16-inch  alumi- 
num,  is  used  as  the  base.  The  tube  and  trans¬ 
former  mount  on  top  and  the  remaining  parts 
mount  below  as  shown  in  Figs.  825  and  827. 
Fig.  827  shows  the  power  cable  and  output  lead 
coming  out  through  holes  in  the  rear  wall  of  the 
chassis.  Holes  may  be  drilled  in  the  front  wall 
so  the  unit  may  be  bolted  to  the  receiver 
proper. 

Most  broadcast  superhets  have  intermediate 
frequencies  in  the  vicinity  of  456-465  kc.  so 
that  an  oscillator  transformer  such  as  that 
specified  will  be  satisfactory  in  the  majority  of 


Band 

Coil 

Turna 

CONVERTER  COIL  DATA 

Antenna 

Wire  Lengtk  Coü 

Tickler 

Band-Spread 
Tap  * 

1.75  Mc. 

u 

65 

28  d.s.c. 

Close-wound 

14  turns  No. 

28  d.s.c. 

L2 

45 

22  enam. 

Close-wound 

15  turns  No. 

28  d.s.c. 

26 

3.5  Mc. 

Li 

38 

22  enam. 

Close-wound 

7  turns  No. 

22  enam. 

L2 

60 

28  d.s.c. 

Close-wound 

15  turne  No. 

28  d.s.c. 

** 

7  Mc. 

Li 

21 

22  enam. 

Vi  in- 

5  turns  No. 

22  enam. 

Lj 

23 

22  enam. 

Close-wound 

5  turns  No. 

22  enam. 

HM 

14  Mc. 

Li 

8 

22  enam. 

%  in. 

3  turns  No. 

22  enam. 

U 

7 

22  enam. 

H  in. 

4  turns  No. 

2M 

22  enam. 

28  Mc. 

U 

3 

22  enam. 

M  in. 

2  turns  No. 

22  enam. 

Li 

3 

22  enam. 

M  in. 

2  turns  No. 

22  enam. 

1% 

All  coils  wound  on 

1-inch  forms  (Millen  45004 

for  Li,  45005  for  Ls) . 

Antenna  and  tickler  coils  are  close-wound  approximately  %  inch  below  Li,  Ls. 
*  Turn8  counted  o£f  from  ground  end  of  coil. 

**  No  band-spread  tap;  jumper  placed  between  prongs,  of  coil  form. 
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Fig.  825  —  Top  view  of  the  beat  oscillator 
assembly. 


cases.  Alternatively,  the  b.o.  frequency  may  be 
the  same  as  that  of  the  converter  output,  which 
in  the  case  of  the  converter  just  described  is 
1600  kc.  A  1600-kc.  beat  oscillator  transformer 
should  be  substituted  in  that  event.  Should  the 
b.c.  receiver  be  of  the  tuned  radio-frequency 
type  (not  a  superhet)  the  latter  method  is  nec- 
essary,  since  the  receiver  has  no  intermediate 
frequency.  The  1600-kc.  units  usually  can  be 
adjusted  as  low  as  1500  kc.  in  case  the  broad- 
cast  receiver’s  range  does  not  extend  beyond 
the  upper-frequency  limit  of  the  broadcast 
band. 

Power  supply  for  the  beat  oscillator  may  be 
taken  from  the  broadcast  receiver  or  from  the 
converter  power  supply.  The  filament  require- 
ments  are  0.3  amp.  at  6.3  volts,  but  the  plate 
current  drain  is  negligible. 


Fig.  826  —  Circuit  diagram  of  tbe  beat  frequency 
oscillator. 

Ci  —  0.01/rfd.,  400-voIt. 

Cs  —  See  text. 

Rl  —  50,000  ohm»,  ^-wau. 

Ti  —  456  beat  oscillator  transformer,  with  grid  leak  and 
condenser  (Milten  63456  or  65456). 


Construction  of  Receivers 

•  A  14-  AND  28-MC.  PRESELECTOR 

A  separate  preselector  unit,  consisting  of 
an  r.f.  amplifier  which  may  be  inserted  be- 
tween  the  antenna  and  receiver,  is  an  ex- 
tremely  useful  device.  lts  use  is  especially 
beneficial  on  the  14-  and  28-Mc.  bands  where 
image  response  becomes  bothersome  with 
superhet  receivers  using  intermediate  frequen- 
cies  of  the  order  of  455  kc.,  since  the  added 
selectivity  practically  wipes  out  the  image. 
Also,  the  gain  of  most  receivers  drops  off  on 
these  two  bands  as  compared  with  the  lower 
frequencies,  so  that  the  additional  gain  of  the 
preselector  is  helpful  in  building  up  the  weaker 
signals  to  more  substantial  volume. 

A  simple  preselector  for  these  two  bands  is 
shown  in  Figs.  828  and  830.  As  shown  in  the 
circuit  diagram,  Fig.  829,  the  amplifier  tube  is 
an  1852,  with  tuned  grid  and  plate  circuits. 
The  tuning  condensers,  Ci  and  C 2,  are  ganged 
for  single-control  tuning. 

The  unit  is  built  on  a  7  by  7  by  2-inch  chassis. 
Fig.  828  shows  the  arrangement  of  parts  on  top. 
The  grid-circuit  coil  is  at  the  left  rear  corner, 
with  the  1852  directly  in  front  of  it.  An  L- 
shaped  shield  partition  separates  the  grid  cir¬ 
cuit  from  the  plate  coil,  L3,  which  is  in  the  right 
front  corner.  The  sockets  for  both  coils  are 


Fig .  827  —  Bottom  view  of  the  b.f.o.  unit. 


mounted  above  chassis  on  small  metal  pillars. 
The  ganged  tuning  condensers  are  mounted  in 
line  in  the  center  of  the  chassis.  They  are  me- 
ehanically  connected  together,  and  to  the  shaft 
hearing  on  the  front  panel,  by  flexible  cou- 
plings.  The  antenna  binding  posts  and  the 
cords  for  power  and  r.f.  output  come  through 
the  rear  edge  of  the  chassis.  It  is  necessary  to 
cut  a  rectangular  hole  in  the  lower  part  of  the 
back  of  the  cabinet  to  make  the  connections 
accessible. 

The  below-chassis  view,  Fig.  830,  shows  how 
the  condensers  are  grouped  about  the  tube 
socket.  The  mica  condenser,  Cb,  is  fastened 
vertically  across  the  socket  as  close  to  it  as 
possible  (allow  room  for  the  tube  centering 
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Fig.  828  —  Top  view  of  the  14-  and  28-Mc.  pre- 
gelector.  The  padder  condensers  are  mounted  inaide 
the  coil  forma. 


Fig.  829  —  Circuit  diagram  of  the  preaelector. 

Cit  C2  —  15-wifd.  midget  variable  (National  UM-15). 

Ca,  C4  —  3-30-Mafd.  iaolantite-inaulated  mica  padder 
(National  M-30). 

Ca  —  0.002-afd.  mica. 

Ca,  C7,  Ca  —  0.01 -afd.  paper,  400-volt. 

Ri  —  ISO  ohma,  34-watt. 

Ra  —  5000-ohm  variable. 

Rj  —  60,000  ohma,  1-watt. 

Li  —  14  Mc.:  9  turna  No.  20,  diameter  1J4  inches, 
length  1  inch. 

28  Mc.:  4  turna  No.  20,  diameter  1J4  inches, 
length  1  inch. 

La  —  Cloee-wound  at  ground  end  of  Li;  3  turns  for  14 
Mc.,  2  turns  for  28  Mc. 

Ls  —  Same  aa  Li  but  tapped  3  turna  from  ground  end  for 
14  Mc.  and  1  turn  from  ground  for  28  Mc. 

L4  —  Same  as  La,  on  same  form  as  Lb. 


pin  to  project  through  the  Socket)  to  provide 
shielding  between  the  grid  and  plate  prongs. 
The  additional  cathode  by-pass,  Ce,  and  the 
screen  by-pass,  C 7,  also  are  mounted  across 
the  socket  on  either  side  of  the  mica  condenser, 
thus  providing  additional  shielding.  With  the 
exception  of  the  ground  on  Ci,  all  r.f.  ground 
connections  are  made  to  one  lug  on  the  side 
of  the  ring  holding  the  tube  socket  to  the  chas¬ 
sis  (the  socket  is  a  National  CIR).  Shielding 
about  the  output  leads  from  is  essential  to 
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prevent  unwanted  feedback  and  also  to  reduce 
signal  pickup  on  the  line  going  to  the  receiver. 
The  shield  should  be  continued  up  to  the 
antenna  terminals  of  the  receiver  with  which 
the  preselector  is  used.  The  wires  should  be 
connected  to  the  "doublet”  terminals  on  the 
receiver,  and  the  shield  to  the  receiver  ground 
terminal  or  chassis.  The  shield  also  is  grounded 
to  the  preselector  chassis.  This  connection  be- 
tween  the  preselector  and  receiver  chassis  is 
essential  for  goed  performance. 

Because  of  the  high  transconductance  of  the 
1852,  very  little  coupling  is  needed  between 
input  and  output  circuits  to  cause  self-oscilla- 
tion  when  both  circuits  are  tuned  to  the  same 
frequency.  The  box  containing  the  unit  pro- 
vides  part  of  the  shielding  between  the  two 
circuits,  in  addition  to  that  provided  by  the 
baffle.  This  shielding  is  not  complete  enough 
to  prevent  self-oscillation,  however,  so  the 
plate  of  the  tube  is  tapped  down  on  L3  to  re¬ 
duce  the  feedback.  The  tap  should  be  located 
so  that  the  circuit  goes  into  oscillation  with  the 
gain  control,  R%,  at 
about  half-scale  or  less. 
The  controlled  regener- 
ation  greatly  increases 
the  gain  and  selectivity. 
over  that  obtainable 
without  regeneration. 


l4  Shield 


Fig.  830  —  Below-chassis  view  of  the  preselector. 
Note  grouping  of  by-pass  condeüsers  about  the  tuhe 
socket  to  provide  sbieldiug. 


Power  for  the  preselector  may  be  taken  from 
the  receiver,  since  the  drain  is  small.  Initial 
adjustments  are  simple.  With  the  receiver  and 
preselector  turned  on,  first  tune  the  plate 
trimmer,  C4  (Cg  and  C3  are  mounted  inside  the 
coil  forms)  for  maximum  noise,  with  Rj  near 


maximum  (least  resistance).  The  adjustment 
will  be  fairly  critical.  The  tuning  condenser 
should  be  at  about  half  scale,  and  the  receiver 
should  be  set  at  about  the  middle  of  the  band. 
Then  set  Ri  at  minimum  gain  (resistance  all  in) 
and  adjust  C3,  the  grid  padder,  for  maximum 
noise.  The  adjustments  may  be  made  on  a 
signal  as  well  as  on  noise.  Next,  advance  R3 
a  little  at  a  time,  simultaneously  swinging  C 3 
through  resonance,  until  oscillations  com- 
mence.  Back  oS  R3  to  the  point  just  below 
oscillation  and  readjust  C3  and  C4  for  maxi¬ 
mum  output.  When  the  lid  of  the  cabinet  is 
closed  the  feedback  will  decrease  and  R3  must 
be  advanced  more  to  obtain  oscillation.  It  is 
not  necessary  to  work  near  the  critical  re- 
generation  point  under  normal  conditions  so 
that  actual  tuning  is  not  critical.  The  prese- 
lector  must,  of  course,  be  kept  in  tune  with 
the  receiver  as  the  latter  is  tuned  over  the 
band. 

Should  the  circuit  oscillate  at  all  settings  of 
Ri,  the  plate  tap  should  be  moved  nearer  the 
bottom  of  L3.  If  no  oscillations  take  place  at 
any  setting,  move  the  tap  toward  the  plate  end 
until  oscillation  starts  at  about  half-scale  on 
Iti. 
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Fig.  831  —  Three  types  of  circuits  for  coupling 
antenna  to  receiver.  A,  balanced  pi-aection  network;  B, 
single-ended  pi-section  network;  C,  tuned  circuit  with 
taps  for  matching  impedances, 

Ci  ■ —  150-aafd.  variablc. 

Cj  —  1 00-i/ifd.  variable. 

Cs  —  50-^afd.  variable  or  larger. 

Ll.  I4,  Lj  —  25  turns  No.  26,  spaced  to  occupy  1-inch 
length  on  1-inch  diameter  form;  tapped  at 
2nd,  5th,  9th,  and  15tfa  turns. 

Lt  —  Propoutioncd  to  tCBonatc  with  C»  in  the  deaired 
band. 

L*  —  3  or  4  turns  wound  on  L4;  see  text. 


Construction  of  Receivers 

The  improvement  in  gain  and  reduction  of 
image  response  will  depend  upon  the  amount  of 
regeneration  used.  With  average-strength  sig- 
nals  and  regeneration  below  the  critical  point 
for  easy  tuning,  the  signal-to-image  ratio  will 
be  improved  by  a  factor  of  40  to  50  on  28  Mc., 
and  100  or  more  on  14  Mc.  Used  with  the  aver¬ 
age  receiver  having  one  r.f.  stage  ahead  of  the 
mixer,  this  means  that  the  overall  image  ratio 
will  be  of  the  order  of  5000  on  14  Mc.  and  400 
or  500  on  28  Mc.  The  voltage  gain  is  about 
100  under  the  same  conditions.  Greater  selec- 
tivity  and  gain  can  be  obtained  by  working 
closer  to  the  critical  regeneration  point. 

•  ANTENNA  TUNING  UNITS 

Obviously  the  signal-to-noise  ratio  will  be 
improved  by  a  means  which  makes  the  signal 
strength  at  the  receiver  input  as  large  as 
possible.  A  separate  antenna  tuning  unit,  de- 
signed  to  couple  between  antenna  and  receiver, 
therefore  is  a  desirable  addition  to  the  receiving 
equipment.  It  is  especially  useful  when  the 
transmitting  antenna  is  used  for  receiving. 

Typical  couplers  of  this  type  are  shown 
diagrammatieally  in  Fig.  831.  At  A  is  the 
balanced  pi-section  matching  network,  ap- 
plicable  to  antenna  systems  using  two-wire 
feeders.  Specifications  suitable,.  for  average 
conditions  are  given.  The  taps  on  Li  and  Li  are 
varied  simultaneously  so  that  the  same  in- 
ductance  is  in  use  in  each  branch,  with  trial 
settings  of  Ci  and  C2  until  the  signal  strength 
on  the  desired  frequency  is  maximum.  With 
the  average  antenna  system  the  settings  are  not 
critical,  although  slight  readjustment  may  be 
necessary  when  going  from  one  end  to  the 
other  of  a  wide  band. 

The  single-ended  pi-section  filter  is  shown 
at  B.  This  filter  is  intended  for  use  with  a 
single-wire  antenna  or  other  system  worked 
against  ground. 

A  parallel-resonant  circuit  with  provision  for 
impedance  matching  is  shown  at  C.  The  coil  Lt 
should  be  constructed  so  that  the  turns  readily 
may  be  tapped.  The  piekup  coil,  L5,  may  con- 
sist  of  three  or  four  turns  wound  around  the 
center  of  Lt,  for  the  usual  receiver  having  ap- 
proximately  500-ohm  input  impedance.  The 
feeder  taps  on  Lt  should  be  adjusted  for  maxi¬ 
mum  signal  strength  when  C 3  is  tuned  to  res¬ 
onance.  In  case  a  single-wire  antenna  is  used, 
Li,  should  be  coupled  to  the  bottom  of  Lt,  which 
in  turn  is  connected  to  ground.  The  antenna  is 
tapped  on  Lt  at  the  point  giving  maximum 
signal  as  before. 
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Timing  and  Adjusting 
Receivers 

Getting  the  Most  out  of  Receivers  —  Alignment  — ■ 
Tuning  with  Crystal  Filters 


T here  are  four  types  of  receivers  used  at  the 
present  time:  the  regenerative,  the  straight 
superheterodyne,  the  single-signal  superhete- 
rodyne  and  the  superregenerative.  A  thorough 
understanding  of  the  principles  involved  and 
the  “feel”  of  each  type  is  an  indispensable 
asset  to  any  amateur.  Unless  the  operator 
can  teil  by  handling  a  receiver  whether  or 
not  it  is  working  properly,  he  can  struggle 
along  with  a  receiver  incapable  of  its  best 
performance  solely  because  of  the  lack  of 
skill  and  experience  of  the  operator.  Simply 
because  a  receiver  bears  a  well-known  trade- 
mark  is  no  assurance  that  it  is  always  working 
at  its  best.  Troubles  attributed  to  old  tubes  in 
a  receiver  are  often  caused  by  misalignment 
of  stages  or  other  causes,  and  a  new  set  of 
tubes  will  not  correct  the  condition. 

•  TEST  EQUIPMENT 

Contrary  to  popular  opinion,  it  is  not  neces- 
sary  to  own  a  complete  laboratory  to  work  on 
a  receiver.  A  commercial  set  that  is  only 
slightly  out  of  line  requires  nothing  more  than 
an  insulated  screw-driver  or  wrench  to  bring 
it  back  into  first-class  condition,  and  the  situa- 
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Fig.  901  —  Voltage  measurements  on  a  typical  stage 
of  r.f.  or  i.f.  amplification.  The  negative  terminal  of  the 
voltmeter  is  conneeted  to  the  chassis  (ground)  and  the 
positive  terminal  placed  at  B  will  give  the  grid  bias  due 
to  the  cathode  resistor,  touched  at  C  will  show  the  plate 
voltage  (minus  the  grid  voltage)  and  at  D  will  show  the 
screen  voltage  (minus  the  grid  voltage).  A  high-resist- 
ance  voltmeter  between  A  (minus)  and  ground  will  give 
an  indication  of  the  voltage  developed  by  the  a.v.c. 
hut  will  read  low. 


tions  are  rare  where  more  than  a  1000-ohms- 
per-volt  voltmeter  will  be  required  to  check  a 
receiver,  although  an  ohmmeter  is  a  handy 
addition  to  the  meter.  A  test  oscillator,  par- 
ticularly  if  it  is  calibrated,  is  a  useful  adjunct 
to  the  station,  but  the  station’s  frequency 
Standard  will  often  serve  instead. 

Measuring  voltages  is  a  simple  matter  if  a 
high-resistance  (1000-ohms-per-volt)  voltmeter 
is  available.  A  lower  resistance  meter  can  be 
used,  but  it  will  read  low  in  high-resistance 
circuits.  The  most  convenient  ranges  are 
0-30,  for  reading  cathode-bias  voltages,  and 
0-300,  for  reading  plate  voltages.  Cathode 
(grid-bias)  voltages  are  read  between  cathode 
and  ground  —  the  ground  is  negative  and 
the  cathode  is  positive  —  and  plate  and  screen 
voltages  are  read  between  cathode  (or  ground, 
if  the  bias  voltage  is  low)  and  the  plate  or 
screen.  See  Fig.  901.  One  should  familiarize 
himself  with  the  tube  socket  conneetions  of 
the  various  tubes  so  that  the  elements  can 
be  readily  identified. 

•  REGENERATIVE  RECEIVERS 

The  principle  of  the  regenerative  receiver 
has  been  explained  in  Chapter  Four  and  will 
not  be  repeated  here.  However,  the  method 
of  tuning  a  regenerative  receiver  depends  on 
whether  it  is  being  used  for  ’phone  or  c.w. 
reception.  The  regenerative  receiver  is  not 
recommended  for  ’phone  reception  in  crowded 
bands  because  of  the  lack  of  selectivity  (par- 
ticularly  on  the  higher  frequencies)  and  the 
tendency  to  lose  what  selectivity  it  may  have 
on  strong  signals.  Nevertheless,  the  tuning 
procedure  differs  slightly  and,  since  it  does 
come  in  handy  occasionally,  will  be  explained. 

There  are  two  main  Controls  on  a  regenera¬ 
tive  receiver,  the  tuning  control  and  the  re- 
generation  control.  As  their  names  imply,  they 
control  the  tuning  or  frequency  and  the 
amount  of  regeneration.  In  most  cases,  the  re- 
generation  control  has  to  be  changed  slightly 
as  the  tuning  control  is  changed,  making  the 
receiver  essentially  a  two-control  affair  requir- 
ing  both  hands  for  adjustment. 
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c.w. 

For  c.w.  reception,  the  regeneration  control 
is  advanced  until  the  receiver  breaks  into  a 
“hiss,”  which  indicates  that  the  detector  is 
oscillating.  In  some  instances  the  receiver  will 
break  into  this  hiss  with  a  “plop,”  which  is  an 
undesirable  condition  and  should  be  remedied 
as  explained  later.  Further  advancing  of  the 
regeneration  control  after  the  detector  starts 
oscillating  will  result  in  a  slight  decrease  in 
the  strength  of  the  hiss  and,  in  some  instances 
when  the  control  is  advanced  far  enough,  into 
a  high-pitched  whistle  and  increased  hiss  which 
indicates  that  the  detector  is  “superregenerat- 
ing”  or  “squegging.”  The  use  of  this  condition 
is  explained  in  Chapter  Twenty-nine — -  it  is 
not  used  in  c.w.  reception.  Sometimes  the  re¬ 
ceiver  will  break  into  a  squeal  (unaffected  by 
tuning)  almost  immediately  after  the  hiss  point 
is  reached  —  this  indicates  “fringe  howl”  and 
should  not  be  tolerated.  It  can  be  corrected 
as  explained  later.  The  properly-operating  re- 
generative  detector  will,  when  the  regeneration 
control  is  advanced,  smoothly  break  into  the 
hiss  condition  (caused  by  the  “beating”  of 
the  oscillating  detector  with  the  external  and 
internal  noise)  and,  when  the  regeneration  con¬ 
trol  is  backed  off,  smoothly  break  out  of  the 
hiss  condition.  The  going  in  and  out  of  oseilla- 
tion  (the  hiss  point)  should  occur  at  the  same 
point  on  the  regeneration  control  and  any 
great  discrepancy  should  not  be  tolerated. 

The  proper  adjustment  for  the  reception  of 
c.w.  signals  is  just  after  the  detector  has 
started  to  hiss,  when  it  will  be  found  that  c.w. 
signals  can  be  tuned  in  and  will  give  a  tone 
with  each  signal  depending  on  the  setting  of 
the  tuning  control.  As  the  tuning  control  is 
varied  and  one  tunes  into  a  signal,  it  will  start 
out  at  a  very  high  pitch,  go  down  through 
“zero  beat”  and  disappear  at  a  high  pitch 

'zooocijdes  q  Zero  beat  ^  2000  ajdes 
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big.  902  Ae  the  tuning  dial  of  a  receiver  is  turned 
past  a  c.vv.  signal,  the  beat  note  varies  from  a  high  one 
down  through  "zero  beat’'  and  back  up  to  a  high  one, 
as  showu  at  A,  li  and  C.  The  curve  is  a  graphical  repre- 
sentation  of  the  action.  The  beat  exists  past  8000  or 
10,000  cycles  but  usually  is  not  heard  because  of  the 
limitations  of  the  audio  System  of  the  receiver. 


on  the  other  side,  as  shown  in  Fig.  902.  It  will 
be  found  that  a  low  beat-note  cannot  be  ob- 
tained  with  a  strong  signal  because  the  receiver 
“pulls  in”  or  “blocks,”  but  this  condition  can 
be  corrected  by  advancing  the  regeneration 
control  until  the  beat-note  occurs  again.  If  the 
regenerative  detector  has  an  r.f.  amplifier  stage 
ahead  of  it,  the  blocking  can  be  eliminated  by 
backing-off  the  gain  control  of  the  r.f.  stage, 
but  with  no  r.f.  stage  the  blocking  condition 
can  only  be  eliminated  by  advancing  the  re¬ 
generation  control  orlooseningthe  antenna  cou- 
pling  (in  receivers  where  thecouplingis  variable). 

Because  a  signal  is  obtained  on  either  side 
of  zero  beat,  two  signals  near  the  same  fre- 
quency  can  be  separated  sometimes  by  trying 
to  tune  in  the  undesired  signal  at  zero  beat  or 
by  listening  to  the  desired  signal  on  first  one 
side  of  zero  beat  and  then  the  other  and  using 
the  side  that  gives  the  least  response  from  the 
interfering  signal.  There  is  no  substitute  for 
experience  in  the  handling  of  a  regenerative 
receiver,  and  the  operator  will  find  that  con- 
tinued  practice  will  enable  him  to  separate 
signals  on  the  regenerative  receiver  that  at  first 
seemed  hopelessly  jammed. 

The  point  just  after  the  receiver  starts  oscil¬ 
lating  is  the  most  sensitive  condition  of  the  re¬ 
ceiver  and  should  be  used  for  listening  to  weak 
c.w.  signals  —  further  advancing  of  the  re¬ 
generation  control  makes  the  receiver  less 
prone  to  blocking  by  strong  signals  but  less 
capable  of  receiving  weak  signals. 

’Phone 

If  the  receiver  is  in  the  oscillating  condition 
and  a  ’phone  signal  is  tuned  in,  a  steady  whistle 
will  result  (the  beat  of  the  detector  with  the 
’phone  carrier)  and,  while  it  is  possible  to  listen 
to  ’phone  if  the  receiver  can  be  tuned  to  exact 
zero  beat,  it  is  more  satisfactory  to  back  off 
the  regeneration  control  to  the  point  where  the 
whistle  stops,  at  which  time  the  voice  or  modu- 
lation  will  instantly  clear  up  and  can  be  listened 
to  without  any  trouble.  The  most  sensitive 
and  selective  condition  for  ’phone  reception 
is  just  bef  ore  the  receiver  goes  into  oscillation. 
However,  a  strong  ’phone  signal  will  tend  to 
reduce  the  selectivity  of  the  receiver  and  it  is 
very  nearly  impossible  to  listen  to  a  weak 
’phone  signal  near  (in  frequency)  a  strong  one. 

The  best  way  to  listen  for  ’phone  signals 
with  a  regenerative  receiver  is  to  put  the  re¬ 
ceiver  in  the  weakly  oscillating  condition  (at 
the  point  where  the  hiss  starts)  and  first  lo- 
cate  the  carrier  by  the  whistle  or  beat.  The 
regeneration  control  is  then  backed  off  until 
the  whistle  disappears. 

R.F.  Stage 

If  the  regenerative  detector  is  preceded  by 
an  r.f.  amplifier,  the  amplifier  should  always 
be  tuned  to  the  same  frequency  as  the  signal. 
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This  condition  can  be  checked  by  tuning  the 

condenser  or  trimmer  (if  the  Controls  are 
ganged)  for  maximum  signal  or,  if  no  signal  is 
available,  by  the  setting  that  requires  the 
minimum  setting  of  the  regeneration  control 
for  oscillation.  The  gain  control  of  the  r.f. 
stage  is  used  to  reduce  the  signal  at  the  detec¬ 
tor  —  detuning  the  r.f.  stage  to  reduce  the  gain 
should  only  be  necessary  when  the  signal  is 
exceedingly  strong. 

For  c.w.  work,  an  r.f.  stage  will  only  serve  as 
a  useful  gain  control  and  as  a  buffer  between  a 
swinging  antenna  and  the  oscillating  detector, 
and  it  adds  very  little  to  the  useful  sensitivity. 
However,  it  will  contribute  materially  to  the 
sensitivity  of  a  regenerative  receiver  used  for 
’phone  reception  and  is  recommended  in  this 
application. 

Smooth  Regeneration 

Three  things  can  influence  the  smoothness 
with  which  the  regenerative  detector  goes  into 
oscillation:  the  amount  of  feedback  (setting 
of  cathode  tap  or  number  of  tickler  turns),  the 
coupling  to  the  antenna  or  previous  stage,  and 
the  size  of  the  grid  leak.  The  feedback  should 
be  adjusted  so  that  the  detector  breaks  into 
oscillation  at  the  recommended  screen-grid 
voltage  (see  Chapter  Eight).  If  it  only  oscillates 
at  a  higher  voltage,  too  little  feedback  is  pres¬ 
ent  and  the  cathode  tap  should  be  moved 
higher  on  the  coil  or  turns  added  to  the  plate 
coil,  and  if  it  oscillates  at  too  low  a  plate 
voltage,  turns  should  be  removed  from  the 
plate  coil,  the  cathode  tap  moved  down,  or 
the  antenna  coupling  tightened.  The  highest 
value  of  grid  leak  that  will  permit  smooth 
regeneration  should  be  used  —  if  this  value 
falls  below  one  megohm  the  other  sources  of 
trouble  should  be  checked,  since  a  value  of  less 
than  one  megohm  will  detract  from  the  sensi¬ 
tivity.  If  an  r.f.  stage  is  used,  the  one  megohm 
value  will  be  satisfactory,  but  a  value  of  two 
to  five  megohms  will  be  preferable  if  no  r.f. 
stage  is  included  in  the  receiver.  Low  values 
of  grid  leak  make  the  detector  less  sensitive 
but  capable  of  handling  larger  signals  without 
overloading. 

Antenna  Coupling 

The  tighter  the  antenna  coupling  is  made, 
the  greater  will  be  the  feedback  required  or 
the  higher  will  be  the  voltage  necessary  to 
make  the  detector  oscillate.  The  antenna 
coupling  should  be  the  maximum  that  will  still 
allow  the  detector  to  go  into  oscillation 
smoothly,  without  a  “plop,”  and  with  the  cor¬ 
rect  voltages  on  the  tube.  If  capacity  coupling 
to  the  grid  end  of  the  coil  is  used,  only  a  very 
Bmall  amount  of  capacity  will  be  needed  to 
couple  to  the  antenna.  Increasing  the  capacity 
increases  the  coupling. 
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It  may  be  found  that  the  regenerative  de¬ 
tector  will  hum  badly  at  the  point  of  oscilla¬ 
tion,  the  hum  being  caused  by  pick-up  of  the 
alternating  house-lighting  current.  The  hum 
can  be  eliminated  by  better  shielding  of  the 
grid  of  the  detector  tube  and  the  lead  running 
to  it,  and  sometimes  by  grounding  the  chassis 
of  the  receiver  to  a  good  physical  ground  con- 
nection.  The  power  supply  must,  of  course, 
be  capable  of  delivering  ripple-free  current,  and 
if  the  heaters  of  the  tubes  are  supplied  with 
a.c.,  one  side  of  the  heaters  should  be  grounded 
to  the  chassis  and  the  other  side  by-passed 
to  ground  through  a  0.01-^fd.  condenser;  or 
both  sides  can  be  by-passed  to  ground  and 
the  center-tap  of  the  heater  winding  connected 
to  ground. 

Body  Capacity 

Occasionally  it  will  be  found  that  a  regen¬ 
erative  receiver  shows  a  tendency  to  change 
frequency  slightly  as  the  hand  is  moved  near 
the  dial.  This  condition  (“body  capacity”) 
can  be  caused  by  poor  design  of  the  receiver 
or  by  the  type  of  antenna  that  is  being  used. 
If  the  body  capacity  is  still  present  when  the 
antenna  is  disconnected,  it  can  be  eliminated 
by  better  shielding,  and  sometimes  by  r.f. 
filtering  of  the  ’phone  leads.  If,  however,  the 
body  capacity  effect  is  still  present  when  the 
antenna  is  again  connected,  it  is  probably 
caused  by  the  antenna  system.  A  good,  short 
ground  connection  should  be  connected  to  the 
receiver  and  the  length  of  the  antenna  varied 
(by  adding  a  small  coil  or  variable  condenser  in 
the  antenna  lead)  until  the  effect  is  minimized. 
Connecting  the  antenna  to  a  point  down  on  the 
coil  (such  as  the  cathode  tap)  will  sometimes 
eliminate  the  unwanted  effect  of  body  ca¬ 
pacity. 

Trouble  Shooting 

In  any  discussion  of  trouble  shooting,  it  must 
be  assumed  that  the  receiver  has  been  wired 
correctly  in  the  first  place.  This  can  be  checked 
by  a  careful  comparison  with  the  wiring  dia¬ 
gram  and  by  means  of  a  voltmeter  to  see  that 
all  the  tube-element  voltages-to-ground  are 
approximately  what  they  should  be.  A  eon- 
tinuity-checker,  which  can  be  simply  a  high- 
range  ohmmeter,  can  be  used  to  check  through 
a  receiver  to  make  certain  that  all  components 
are  connected  together  that  should  be  and  that 
the  circuits  have  the  correct  resistance  in 
them  as  indicated  by  the  wiring  diagram.  The 
continuity  check  should  not  be  made  with 
heater  or  plate  voltages  on  the  set. 

If  the  wiring  is  checked  satisf  actorily  and  the 
detector  cannot  be  made  to  oscillate,  it  indi- 
cates  that  not  enough  feedback  is  present.  If 
a  cathode-tap  type  of  circuit  is  used,  the  tap 
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should  be  moved  up  towards  the  grid  end  of 
the  coil  a  turn  at  a  time  until  oscillation  takes 
place.  If  a  plate  coil  is  used,  turns  can  be 
added  or  the  plate  coil  can  be  moved  closer 
to  the  grid  coil.  The  proper  polarity  of  the 
plate  coil  is  necessary  and,  if  both  coils  are 
wound  in  the  same  direction  on  a  form,  the 
grid  connection  should  be  the  top  end  of  the 
grid  coil  and  the  plate  connection  should  be 
the  lower  end  of  the  plate  coil.  See  Fig.  903. 

If  the  receiver  “plops”  going  in  and  out  of 
oscillation,  the  feedback,  antenna  coupling 


Fig.  903  —  The  two  conmon  types  of  oecillator  cir¬ 
cuits  used  in  receivers  and  the  corresponding  way  in 
which  the  eoils  must  be  wound  to  ineure  proper  feedback 
for  oscillation. 

and  grid  leak  must  be  juggled  about  until 
smooth  results  are  obtained.  There  is  no  one 
adjustment  that  can  be  made  to  clear  up  this 
condition.  Fringe  howl  indicates  r.f.  getting 
into  the  audio-amplifier  tube,  and  better 
filtering  and  by-passing  of  the  output  of  the 
detector  will  usually  eliminate  fringe  howl.  If 
a  choke  or  transformer  is  used  in  the  plate 
circuit  of  the  detector  for  coupling  to  the  audio 
tube,  a  resistor  should  be  shunted  across  the 
choke  or  the  secondary  of  the  transformer 
to  reduce  fringe  howl.  The  value  of  the  resistor 
should  be  the  maximum  required  to  reduce  the 
howl  and  will  normally  be  between  50,000 
and  250,000  ohms. 

If  the  oscillating  detector  seems  to  creep 
badly  in  frequency,  or  if  it  is  too  sensitive  to 
voltage  fluctuations  caused  by  a  slight  change  in 
line  voltage,  it  indicates  that  the  detector  tube 
is  a  bad  one,  that  there  is  not  enough  capacity 
in  the  tuned  circuit,  or  that  the  plate  voltage 
is  too  high.  A  high  L/C  ratio  in  the  tuned 
circuit  will  give  maximum  sensitivity  and  a  low 
L/C  ratio  will  give  maximum  stability  —  a 
compromise  should  be  reached  in  each  case. 

•  THE  SUPERHETERODYNE 

The  straight  superheterodyne  differs  from 
the  single-signal  superheterodyne  in  the 


amount  of  selectivity  contained  in  the,  i.f. 
amplifier.  Single-signal  reception  is  normally 
only  applied  to  c.w.  reception,  although  it  is 
possible  in  some  cases  to  improve  'phone  re¬ 
ception  by  a  receiver  with  high  selectivity  in 
i.f.  amplifier. 

As  explained  in  Chapter  Four,  the  high  se¬ 
lectivity  necessary  for  single-signal  reception 
is  obtained  by  either  a  regenerative  i.f.  ampli¬ 
fier  or  an  amplifier  incorporating  a  crystal 
filter.  Cutting  out  the  regeneration  or  crystal 
filter  changes  a  single-signal  superheterodyne 
to  a  straight  receiver  —  the  rest  of  the 
receiver  is  the  same  in  both  cases. 

The  superheterodyne  has  two  or  more 
tuned  circuits  that  must  be  adjusted  for 
each  signal,  but  these  circuits  are  usually 
ganged  in  most  modern  receivers  and 
thus  the  superheterodyne  can  be  con- 
sidered  a  single-control  receiver.  Some 
homemade  superheterodynes  separate 
the  high-frequency-oscillator  control 
and  the  signal-circuit  control,  to  eliminate 
tracking  difficulties,  and  this  makes  the  re¬ 
ceiver  a  two-control  affair.  However,  the  signal- 
circuit  tuning  is  not  too  critical,  unless  regen- 
eiation  is  used,  and  presents  no  real  handicap 
The  signal  circuit  is  always  peaked  (tuned  for 
maximum  response)  after  the  signal  has  been 
tuned  in  —  if  the  band  is  dead  the  signal 
circuit  is  kept  in  track  with  the  high-frequency 
oscillator  by  peaking  it  on  the  noise. 

’ Phone 

For  ’phone  reception,  the  b.f.o.  (beat- 
frequency  oscillator)  is  turned  off,  the  a.v.c. 
(automatic  volume  control)  is  turned  on,  and 
the  tuning  control,  or  Controls,  adjusted  for  the 
desired  signal.  The  r.f.  gain  control  is  normally 
turned  up  to  maximum  and  the  audio-volume 
control  adjusted  for  a  comfortable  le vel.  The 
a.v.c.  takes  care  of  changes  in  signal  due  to 
fading  and  also  different  signals  of  varying 
strengths,  within  the  limit  of  its  control. 

Occasionally,  when  listening  to  very  weak 
signals,  it  will  be  found  that  better  intelligi- 
bility  can  be  obtained  with  the  a.v.c.  off, 
but  with  signals  of  any  appreciable  strength 
the  a.v.c.  will  be  an  invaluable  asset  in  prevent- 
ing  overloading  and  sudden  changes  in  volume. 

When  two  or  more  ’phone  carriers  are  close 
together  (in  frequency)  they  will  beat  with  each 
other  and  make  it  difficult  to  copy  either  sig¬ 
nal.  If  a  crystal  filter  is  available  in  the  re¬ 
ceiver,  it  can  be  used  to  eliminate  this  “het- 
erodyne”  by  turning  it  on  and  adjusting  the 
“phasing”  control  until  the  undesired  signal 
is  eliminated  or  attenuated  as  much  as  possi¬ 
ble.  A  slight  adjustment  of  the  tuning  control 
may  be  necessary  at  the  same  time.  Because 
of  the  increased  selectivity  introduced  by  the 
crystal  filter,  the  fidelity  of  the  signal  will  not 
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be  as  good  as  witb  the  filter  out,  but  it  will 
allow  signals  to  be  copied  tbrough  interference 
that  would  otherwise  render  them  unreadable. 
A  few  hours’  practice  will  make  the  operator 
familiar  with  the  use  of  the  crystal  filter  for 
eliminating  heterodynes. 

The  crystal  filter  will  also  help  in  the  recep¬ 
tion  of  weak  signals  by  reducing  the  noise 
passed  by  the  i.f.  amplifier  and  thus  increasing 
the  signal /noise  ratio  of  the  receiver.  Ho  wever, 
it  can  only  be  used  with  signals  of  excellent 
stability  that  show  no  frequency  modulation. 


can  be  obtained  than  is  possible  with  a  Iess 
selective  super.  Unfortunately,  too  many 
amateurs  let  the  crystal  filters  in  their  receivers 
go  to  waste  because  they  have  never  taken 
the  trouble  to  familiarize  themselves  with  the 
operation.  Some  also  have  the  idea  that  the 
crystal  filter  reduces  the  sensitivity  of  the 
receiver,  but  the  opposite  is  true.  The  prop- 
erly-adjusted  crystal  filter  makes  a  superhet- 
erodyne  many  times  more  sensitive  than  it 
could  be  without  the  filter.  When  the  filter 


C.W.  t> 

For  c.w.  reception  with  no  crystal  filter,  the 
a.v.c.  should  be  set  in  the  “off”  position  and  A 

the  b.f.o.  should  be  turned  on.  It  will  be  noted 


Q  Veru  weak. 


that  as  the  frequency  of  the  b.f.o.  is  varied,  the 
pitch  of  the  noise  in  the  receiver  will  change. 
The  b.f.o.  should  not  be  set  so  that  the  pitch 
of  this  noise  is  the  lowest  possible  but  slightly 
to  one  side  of  this  adjustment.  Another  way 
that  the  b.f.o.  can  be  adjusted  properly  is  to 
turn  it  off  and  tune  in  a  c.w.  signal  for  maxi¬ 
mum  strength.  No  beat  note  will  be  obtained 
but  it  will  be  easy  to  teil  (by  the  hissing  noise) 
when  the  signal  has  been  peaked.  The  b.f.o. 
is  then  turned  on  and  its  frequency  adjusted 


dial  setting 


for  the  desired  pitch  of  the  signal.  Most  opera¬ 
tors  like  to  listen  to  a  note  of  from  600  to  1200 
cycles  —  the  most  pleasing  pitch  is  the  one 
to  use. 

After  the  b.f.o.  has  been  set,  c.w,  signals  can 
be  tuned  in  and  no  further  adjustments  will  be 
necessary,  except  the  proper  control  of  volume. 
Since  c.w.  receivers  do  not  use  a.v.c.,  it  is 
necessary  to  control  the  r.f.  volume  manually. 
For  weak-signal  reception,  the  r.f.  gain  control 
should  be  set  at  maximum  and  the  audio  gain 
control  set  at  a  value  that  just  enables  the 
operator  to  hear  the  background  noise.  If  too 
much  volume  is  used,  the  rush  of  the  back¬ 
ground  noise  will  tend  to  paralyze  the  ears  and 
will  prevent  the  reception  of  weak  signals. 
Strong  signals  will  sound  better  if  the  r.f. 
gain  is  backed  off  enough  to  prevent  any  tend- 
ency  towards  overloading  throughout  the  set. 

Interference  can  be  dodged  in  much  the 
same  way  as  with  a  regenerative  receiver,  by 
trying  to  find  an  adjustment  that  minimizes 
the  interfering  signal  or  puts  it  at  zero  beat. 
It  is  easier  to  do  with  a  superheterodyne  be¬ 
cause  the  super  has  much  less  tendency  to 
block  on  strong  signals.  However,  the  ear 
provides  plenty  of  selectivity,  and  the  good 
operator  will,  through  experience,  be  able  to  sep¬ 
arate  two  signals  that  are  quite  close  together 
simply  by  concentrating  on  the  desired  one. 

Single-Signal  Reception 

If  a  crystal  filter  is  incorporated  in  the  re¬ 
ceiver,  much  more  satisfactory  c.w.  reception 


Fig.  904  —  A  grapbical  illustration  of  how  the  single- 
signal  receiver  tunes.  As  the  tuning  dial  is  turned  into 
the  signal,  the  signal  gets  louder,  as  represented  hy  the 
heavier  portion  of  the  line  in  the  graph.  As  it  goes  down 
through  zero  heat  and  up  on  the  other  side  it  is  v e r V 
weak,  and  is  inaudible  at  one  point,  as  shown  by  the 
discontinuity  in  the  thin  line.  The  point  of  inaudibility 
is  the  point  corresponding  to  the  "rejection  slot”  of  the 
crystal. 

is  cut  into  the  receiver,  a  reduction  in  the 
noise  will  be  noticed,  and  this  has  led  many 
to  believe  that  the  gain  has  been  reduced.  The 
gain  has  not  been  reduced,  but  the  band- 
width  has.  Since  the  c.w.  signal  consists  of 
energy  on  but  one  frequency,  a  wide  band- 
width  is  not  necessary.  On  the  other  hand,  the 
noise  power  is  proportional  to  the  band-width, 
so  if  the  filter  cuts  the  band-width  down  to 
one-tenth  its  former  value,  the  noise  has  been 
cut  to  one-tenth  but  the  signal  remains  the 
same,  resulting  in  a  ten-times  increase  in 
available  signal/noise  power  ratio. 

The  crystal  should  not  be  switched  in  only 
when  interference  conditions  become  too  se- 
vere,  but  it  should  be  lef t  in  the  circuit  for  all 
c.w.  reception.  This  is  an  important  point  — 
the  selectivity  of  the  crystal  makes  it  easy  to 
lose  the  signal  at  the  instant  the  crystal  is 
switched  in.  Operate  with  the  crystal  in  ai  all 
times. 

The  adjustment  of  the  crystal  filter  is  sim- 
plicity  itself.  With  the  b.f.o.  and  a.v.c.  off  and 
the  crystal  switched  in,  the  “band-width”  or 
“selectivity”  control  of  the  filter  is  turned 
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to  the  setting  normally  used  for  c.w.  reception. 
In  the  case  of  receivers  with  “full-range  selec- 
tivity  ”  this  will  be  one  or  two  points  back  from 
the  sharpest  setting  or,  with  the  older-type  fil¬ 
ters,  the  point  of  maximum  “hiss”  noise.  A 
signal  is  then  tuned  in  and  peaked,  and  then 
the  b.f.o.  is  turned  on  and  adjusted  for  the  de- 
sired  pitch  of  signal.  The  tuning  control  of  the 
receiver  is  then  moved  slightly  until  the  signal 
has  passed  through  zero  beat  and  is  tuned  in  at 
about  the  same  pitch  on  the  other  side  of  zero 
beat.  Now,  adjusting  the  “phasing”  control 
will  give  a  setting  where  the  signal  is  practically 
eliminated.  The  filter  is  now  adjusted  for  single- 
signal  reception.  It  will  be  found  that  most 
signals  are  received  on  only  one  side  of  zero 
beat  and  that  only  the  very  strongest  signals 
can  be  heard  on  the  other  side.  By  thus  elim- 
inating  one  side  of  zero  beat,  the  amateur  band 
being  tuned  is  effectively  doubled  in  width. 
Even  the  strongest  interfering  signals  can  be 
eliminated  by  minor  adjustments  of  selectivity 
control,  to  sharpen  up  the  selectivity,  along 
with  close  adjustments  of  the  phasing  control, 
to  reject  the  unwanted  signal.  A  450-kc. 
crystal  filter  will  normally  be  used  in  its 
broadest  position  for  c.w.  work,  while  the 
1600-kc.  crystal  filter,  which  is  not  capable  of 
as  much  selectivity,  will  normally  be  used  at 
its  sharpest  setting.  Tn  any  case,  the  adjust- 
ment  of  the  selectivity  control  which  gives  the 
least  noise  is  the  sharpest  position,  but  this  can 
be  too  sharp  with  a  450-kc.  crystal  and  is  not 
normally  used. 

Some  commercial  receivers  have  no  band- 
width  selectivity  control  brought  out  to  the 
panel,  in  which  case  only  the  phasing  control 
can  be  used.  However,  the  operation  is  the 
same  as  mentioned  above,  except  that  only 
variable  rejection  adjustments  are  allowed. 

If  a  regenerative  i.f.  amplifier  is  used  to  ob- 
tain  single-signal  reception,  the  amplifier 
regeneration  control  is  advanced  until  the 
amplifier  breaks  into  oscillation  and  is  then 
backed  off  just  to  the  point  where  the  ampli¬ 
fier  is  just  out  of  oscillation.  This  is  the  most 
selective  condition  for  the  amplifier,  and  it  is 
now  only  necessary  to  adjust  the  b.f.o.  for  the 
proper  pitch  of  the  hiss  to  have  single-signal 
reception.  There  is  no  phasing  or  “rejection” 
control  on  a  regeneraiive  i.f.  amplifier,  but 
considerable  selectivity  can  be  obtained  and  a 
very  marked  reduction  of  the  signal  on  the 
other  side  of  zero  beat  will  be  noticed.  Strong 
signals  will  tend  to  “flatten  out”  the  selectiv¬ 
ity  of  the  regenerative  i.f.  amplifier,  and 
strong  signals  should  be  cut  down  by  backing 
off  the  gain  ahead  of  the  i.f  amplifier,  if  this  is 
possible,  to  retain  the  selectivity. 

Time  spent  in  familiarizing  one’s  self  with 
the  proper  handling  and  adjustment  of  a  single- 
signal  superheterodyne  is  an  excellent  invest- 


ment  that  will  pay  dividends  under  severe 
interference  conditions.  Until  one  is  thor- 
oughly  familiar  with  the  adjustment  of  the 
crystal  filter,  it  is  most  convenient  first  to 
adjust  it  by  listening  to  a  commercial  trans- 
mitter  sending  continuously  outside  one  of 
the  amateur  bands,  or  a  signal  from  the  fre- 
quency  meter  can  be  used.  The  important 
thing  to  remember  in  single-signal  reception  is 
that  the  b.f.o.  is  set  so  that  the  signal  is  louder 
on  one  side  of  zero  beat  than  on  the  other  and, 
with  the  crystal  filter,  the  phasing  control  is 
set  to  give  rejection  on  the  weak  side  of  zero 
beat. 

Regenerative  Preselectora 

Regenerative  preselectors  are  often  used  to 
improve  the  image  ratio  of  a  superheterodyne 
which  does  not,  in  itself,  have  sufficiënt  selec¬ 
tivity  ahead  of  the  mixer  to  reject  images. 
They  are  most  useful  on  the  14-  and  28- Mc. 
bands.  They  have  maximum  gain  at  the  point 
just  before  they  go  into  oscillation,  and  this  is 
also  the  point  of  maximum  selectivity.  How¬ 
ever,  they  tend  to  lose  selectivity  on  strong 
signals  and,  for  this  reason,  it  is  best  to  operate 
them  with  the  regeneration  backed  off  slightly 
if  a  strong  signal  is  near  the  one  being  re¬ 
ceived.  Because  of  its  selectivity,  it  is  difficult 
to  keep  a  regenerative  preselector  tuning  in 
line  with  the  other  signal  circuits  in  the  front 
end  of  a  superheterodyne,  and  it  is  usually 
provided  with  a  separate  tuning  control.  This 
control  becomes  more  critical  as  the  regenera¬ 
tion  is  increased,  and  it  is  good  practice  to 
back  off  the  regeneration  control  until  a  signal 
is  tuned  in  on  the  receiver,  and  then  the  re¬ 
generation  can  be  advanced  and  the  signal 
peaked  with  the  preselector. 

Alignment  of  I.F.  Amplifiera 

Some  sort  of  signal  generator  is  invaluable 
in  aligning  i.f.  amplifiers,  although  it  is  possible 
to  align  them  by  the  noise  alone.  Assuming 
that  a  signal  generator  is  available,  a  signal 
lead  from  the  generator  is  clipped  on  to  the 
grid  lead  of  the  last  i.f.  amplifier  tube  and  the 
trimmers  of  the  transformer  feeding  into  the 
second  detector  are  adjusted  for  maximum 
signal  in  the  output.  The  frequency  of  the  sig¬ 
nal  generator  is  set  to  the  nominal  frequency 
of  the  i.f.  amplifier.  The  lead  from  the  genera¬ 
tor  is  then  clipped  on  to  the  grid  lead  of  the 
next  to  the  last  i.f.  amplifier  tube  and  the  next 
i.f.  transformer  is  aligned  by  adjusting  the 
trimmers.  The  process  is  continued,  working 
back  from  the  second  detector,  until  all  of  the 
i.f.  transformers  have  been  tuned.  It  will  be 
necessary  to  decrease  the  signal  from  the 
generator  as  more  and  more  of  the  i.f.  amplifier 
is  used  because  of  the  increased  gain  as  more 
stages  are  brought  into  alignment.  The  i.f. 
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transformer  In  tke  plate  circuit  of  the  mixer  is 
adjusted  with  the  i.f.  signal  introduced  to  the 
grid  of  the  mixer. 

If  a  tuning  meter  that  works  from  the  a.v.c. 
system  is  incorporated  in  the  receiver,  it  can 
be  used  as  a  check  on  the  alignment,  and  the 
a.v.c.  of  the  receiver  should  be  left  on  when 
the  i.f.  is  being  aligned.  However,  if  no  tuning 
meter  of  this  type  is  used,  the  a.v.c.  should  be 
turned  off  during  alignment,  and  the  ear  or 
an  output  meter  can  be  used  to  show  maximum 
response. 

If  the  i.f.  amplifier  uses  a  crystal  filter  for 
single-signal  reception,  the  signal  generator 
must  be  set  for  the  nominal  frequency  of  the 
crystal  and  the  amplifier  aligned  as  described 
above.  However,  it  is  probable  that  the  align¬ 
ment  will  not  be  exact  for  the  crystal  frequency 
(which  probably  differs  by  a  few  k.c.  from  the 
one  on  which  the  amplifier  was  tuned)  and  so 
the  signal  generator  frequency  should  be 
varied  slightly  back  and  forth,  with  the  crystal 
in  the  circuit,  until  the  peak  of  the  crystal 
resonance  is  noticed,  and  the  amplifier  can 
then  be  realigned  on  this  frequency.  If  desired, 
the  crystal  frequency  can  be  obtained  at  first 
by  placing  the  filter  crystal  in  an  oscillator 
built  for  the  purpose  and  using  the  output  to 
align  the  i.f.  amplifier.  After  the  crystal  has 
been  put  back  in  the  i.f.  amplifier,  the  trim¬ 
mers  should  be  touched  up  again,  since  the 
oscillating  frequency  and  the  response  fre¬ 
quency  of  the  crystal  may  differ  slightly. 

Part  of  the  success  of  a  single-signal  super- 
heterodyne  is  dependent  upon  the  i.f.  amplifier 
being  aligned  with  the  crystal  frequency  —  it 
is  well  to  check  this  from  time  to  time  to  assure 
peak  performance. 

Adjustment  of  B.F.O. 

The  b.f.o.  trimmer  is  set  so  that  the  fre¬ 
quency  of  the  b.f.o.  can  be  adjusted,  by  means 
of  the  panel  control,  to  a  frequency  either  side 
of  the  intermediate  frequency  and  thus  give  a 
suitable  beat  note.  It  can  be  adjusted  by 
turning  the  gain  of  the  i.f.  amplifier  wide  open 
and  turning  the  trimmer  of  the  b.f.o.  until  the 
hissing  noise  of  the  b.f.o.  beating  with  the 
random  noise  is  heard  or,  if  the  signal  genera¬ 
tor  is  left  on,  until  a  beat  is  obtained  with  the 
signal  from  the  generator. 

Alignment  of  Front  End 

Since  the  high-frequency  oscillator  must 
always  tune  to  a  slightly  different  frequency 
than  the  signal  circuits  in  a  superheterodyne 
—  the  difference  is  equal  to  the  intermediate 
frequency  —  the  two  circuits  must  “track”  if 
single  control  is  to  be  used.  This  is  not  as 
difficult  a  problem  as  it  may  first  appear, 
since  home-made  receivers  are  usually  built  to 
cover  only  the  amateur  bands,  and  it  is  a 
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relatively  simple  matter  to  make  circuits  track 
over  a  small  range.  In  commercial  receivers, 
the  job  has  already  been  done  by  engineers, 
and  it  is  only  necessary  to  compensate  from 
time  to  time  for  the  minor  changes  due  to 
humidity  and  temperature  changes  and  the 
variations  in  tubes. 

Assuming  that  the  front  end  of  the  receiver 
works  but  does  not  track  exactly,  the  first  step 
is  to  adjust  the  frequency  range  of  the  high- 
frequency  oscillator.  The  tuning  dial  is  set  to 
the  high-frequency  end  of  the  band  and  the 
trimmer  is  adjusted  until  the  frequency  of  the 
oscillator  is  right  to  give  a  signal  at  the  high- 
frequency  end.  The  tuning  dial  is  then  turned 
to  the  point  where  the  low-frequency  end 
should  tune  —  if  it  tunes  to  too  low  a  fre¬ 
quency  it  shows  that  too  much  inductance  is 
present;  if  it  tunes  to  too  high  a  frequency 
more  inductance  is  required,  Slight  adjust- 
ments  of  inductance  can  be  made  by  spacing 
turns. 

Once  the  range  of  the  oscillator  has  been 
adjusted,  the  signal  circuits  are  aligned  at  the 
high-frequency  end  of  the  range  and  then 
checked  at  the  low-frequency  end  of  the  dial. 
If  capacity  must  be  added  at  the  low-frequency 
end  to  bring  the  circuit  into  resonance,  it  indi- 
cates  that  more  inductance  is  needed  —  if  less 
capacity  is  needed,  it  shows  that  too  much 
inductance  is  present. 

In  a  commercial  receiver,  resetting  the  trim¬ 
mer  condensers  at  the  high-frequency  end  of 
the  scale  will  normally  be  all  that  is  necessary. 

A  commercial  receiver  of  the  type  using  a 
band-set  dial  and  a  band-spread  dial  can  be 
brought  to  peak  efficiency  by  aligning  it  in  the 
amateur  bands  rather  than  at  the  high-fre¬ 
quency  ends  of  the  tuning  ranges,  since  it  is 
possible  for  a  receiver  tracking  over  such  a 
large  frequency  range  to  go  out  of  line  at  some 
of  the  intermediate  points,  and  one  of  these 
points  might  be  the  amateur  band  that  inter- 
ests  the  operator. 

Alignment  of  Lamb  Noise  Silencer 

The  adjustment  of  the  Lamb  type  of  noise 
silencer  depends  on  the  proper  alignment  of 
the  separate  i.f.  channel  used  as  the  noise 
amplifier  and  rectifier.  It  is  aligned  after  the 
regular  i.f.  amplifier  has  been  adjusted.  A 
steady  carrier  is  tuned  in  and  the  noise  control 
on  the  panel  is  advanced.  The  trimmers  on  the 
transformers  of  the  noise  amplifier  are  then 
adjusted  until  the  receiver  blocks  up.  Backing 
off  the  noise  control  will  bring  the  carrier  back 
and  the  trimmers  can  be  adjusted  still  further. 
The  correct  adjustment  of  the  trimmers  is 
that  which  gives  the  blocking  effect  with  the 
minimum  advance  of  the  noise  control.  This 
setting  should  occur  with  the  noise  control 
about  three-quarters  advanced. 
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The  receiver  is  normally  operated  with  the 
noise  control  in  the  “off”  position.  When  some 
noise  is  heard,  the  control  is  advanced  to  the 
point  where  the  noise  dies  out,  leaving  the 
operator  free  to  tune  across  the  band  as  usual. 
The  noise  control  must  be  backed  ofi  slightly 
on  strong  signals,  to  prevent  blocking  of  the 
receiver. 

If  separated-pulse  type  noise  is  not  properly 
reduced  by  the  silencer  it  normally  indicates 
regeneration  or  perhaps  too  much  lag  in  the 
lead  back  to  the  injection  grid  of  the  silencing 
tube,  and  the  condensers  and  wiring  should  be 
checked  for  excessive  capacity. 

Trouble  Shooting  in  Superheterodynes 

Misalignment  of  i.f.  amplifier  can  be  de- 
tected  by  broadened  tuning  and  lack  of 
sensitivity.  It  can  be  corrected  by  realignment. 

I.f.  amplifier  off  tune  with  crystal  will  show 
up  by  peaking  a  carrier  (b.f.o.  off)  with  the 
crystal  out  of  the  circuit  and  noting  the  tuning 
dial  setting.  The  crystal  is  then  switched  in 
and  the  carrier  peaked  again.  If  the  two  tuning 
dial  settings  are  different  it  indicates  that  the 
i.f.  amplifier  is  not  tuned  to  the  crystal  fre- 
quency.  Occasionally  it  will  be  found  possible 
to  tune  in  a  station  sharply  at  two  points  10 
kc.  or  so  apart  on  the  dial  (with  the  crystal  in) 
but  only  one  of  these  points  will  give  a  beat 
with  the  b.f.o.  This  is  caused  by  a  poorly- 
aligned  i.f.  amplifier  allowing  a  secondary 
response  peak  of  the  crystal  to  show  up.  Such 
a  secondary  peak  may  result  from  a  chipped  or 
otherwise  damaged  crystal. 

Front  end  out  of  track  is  indicated  by  a  varia- 
tion  in  the  noise  response  of  the  receiver  as  it 
is  tuned  from  one  end  of  the  tuning  range  to 
the  other,  with  the  antenna  removed.  A  quick 
spin  of  the  dial  will  show  that  the  noise  comes 
up  at  several  settings  and  drops  off  at  ethers. 
If  the  effect  is  pronounced,  it  is  well  to  make 
certain  that  one  of  the  dead  spots  does  not 
coincide  with  one  of  the  amateur  bands.  If  it 
does,  the  front  end  should  be  made  to  track 
on  the  amateur  band.  The  noise  will  be  less  on 
the  higher-frequency  bands. 

Front  end  signal  circuits  out  of  line  can  be 
detected  by  disconnecting  the  antenna.  The 
noise  in  the  headphones  or  speaker  should 
decrease.  The  grid  of  the  first  r.f.  stage  should 
then  be  shorted  to  ground  with  a  0.01-^fd. 
condenser  and  the  noise  should  decrease  still 
further.  Working  through  the  signal  circuits  of 
the  receiver  (r.f.  stages  and  mixer),  as  each 
grid  is  shorted  by  the  condenser  the  noise 
should  decrease.  The  effect  will  be  most  notice- 
able  on  the  lower  frequencies  but  should  be 
apparent  even  at  14  Mc.  and  will  show  up  on 
an  excellent  receiver  at  28  and  56  Mc. 

The  aboYe  troubles  applv  to  both  commer¬ 
cial  and  home-made  receivers  alike  —  the 


following  troubles  occur  when  a  new  home¬ 
made  receiver  is  first  put  into  operation : 

Oscillating  i.f.  and  r.f.  ampUfiers  show  up 
when  the  b.f.o.  is  turned  on  and  the  r.f.  (and 
i.f.)  gain  control  is  advanced  to  the  full  posi¬ 
tion.  A  loud  howl  will  result  or  the  set  will 
block  up.  The  stage  responsible  for  the  oscilla- 
tion  can  be  found  by  starting  from  the  input 
of  the  set  and  shorting  the  grid  of  each  tube 
to  ground  by  a  0.01-/jfd.  condenser.  When  a 
tube  is  reached  that  stops  the  effect,  the  im- 
mediate  circuits  should  be  studied  in  an  effort 
to  locate  the  cause.  Oscillation  in  an  amplifier 
is  normally  caused  by  high-impedance  cathode 
or  screen-grid  returns  or  by  inductive  coupling 
between  grid  and  plate  circuits.  The  former 
causes  can  be  checked  by  by-passing  the 
cathode  or  grid  right  at  the  socket  —  the  latter 
can  usually  only  be  rectified  by  additional 
shielding  or  changing  the  orientation  of  the 
coils.  Sometimes  the  oscillation  can  be  caused 
by  long  ground  returns  —  it  is  well  to  ground 
all  leads  for  any  one  stage  close  to  the  socket 
of  the  tube  and  not  to  depend  upon  the  chassis 
to  any  great  extent. 

Instahility  with  ’phone  reception  can  be 
caused  by  an  unstable  high-frequency  oscilla- 
tor,  and  with  c.w.  reception  (evidenced  also 
by  modulation  of  all  signals)  it  can  be  caused 
by  either  an  unstable  high-frequency  oscillator 
or  an  unstable  b.f.o.  The  b.f.o.  can  be  checked 
by  feeding  a  signal  in  at  the  intermediate 
frequency  —  if  the  instability  is  still  present 
it  is  caused  by  the  b.f.o.  H.f.  oscillator  insta¬ 
bility  can  be  caused  by  a  loose  connection, 
poor  tube,  poor  resistor  in  the  grid  or  plate 
circuit,  poor  voltage  regulation  or,  in  sets 
where  a  pentagrid  converter  is  used,  by  over- 
loading  of  the  mixer.  All  of  these  factors 
should  be  checked  in  looking  for  the  trouble. 

Oscillator  coupling  is  an  important  factor  in 
the  home-made  receiver  and  should  never  be 
left  to  chance.  If  the  oscillator  is  capacity- 
coupled  to  the  mixer,  reducing  the  value  of 
the  coupling  condenser  will  reduce  the  cou¬ 
pling.  If  inductive  coupling  is  used,  fewer 
turns  in  the  coupling  coil  or  moving  it  farther 
away  will  reduce  the  coupling.  If  too  little 
coupling  is  used,  the  receiver  will  lack  sensi¬ 
tivity,  and  if  too  much  is  used  (except  in  the 
case  of  the  6L7  mixer)  the  receiver  will  be 
easy  to  overload  and  selectivity  will  be  reduced. 
The  optimum  coupling  can  usually  be  found 
by  reducing  it  to  the  point  where  the  gain 
begins  to  drop  off.  The  performance  of  a  6L7 
is  more  or  less  independent  of  oscillator  volt¬ 
age,  and  no  adjustment  is  necessary. 

Too  much  b.f.o.  voltage  is  sometimes  a  dis- 
advantage  during  weak-signal  reception.  It 
can  be  cut  down  by  reducing  the  coupling  or 
reducing  the  d.c.  voltage  on  the  b.f.o.  Too 
little  b.f.o.  voltage  will  be  apparent  by  a  tend- 
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ency  for  etrong  si  pak  to  “bloek”  and  “mush” 

without  giving  a  solid  beat  note.  However, 
reducing  the  r.f.  gain  and  increasing  the  audio 
gain  will  give  a  good  signal  in  this  case. 

Antenna  coupling  plays  a  large  part  in  deter- 
mining  the  image  ratio.  With  an  i.f.  of  450  kc. 
and  one  stage  of  r.f.  ahead  of  the  mixer,  no 
trouble  with  images  should  be  experienced  on 
7  Mc.  and  below.  Some  may  show  up  on  14  Mc. 
(especially  from  15-Mc.  band  broadcasting) 
and  they  are  to  be  expected  on  28  Mc.  and 
higher.  Two  stages  of  r.f.  should  give  little  or 
no  image  interference  on  14  Mc.  If  only  a  few 
images  are  noticed,  they  can  be  reduced  by 
loosening  the  antenna  coupling,  but  the  an¬ 
tenna  coupling  should  never  be  loosened  be- 
yond  the  point  where  signals  start  to  drop  off 
noticeably.  If  images  occur  on  7  Mc.  and  lower 
with  one  stage  of  r.f.,  it  is  an  indication  that 
the  antenna  is  too  closely  coupled,  or  possibly 
the  r.f.  stage  is  too  closely  coupled  to  the 
mixer. 

If  a  regenerative  preselector  is  used,  the 
antenna  coupling  should  be  adjusted  so  that 
the  preselector  will  oscillate  with  the  regenera- 
tion  control  set  at  about  three-quarters  in.  If 
it  refuses  to  oscillate,  the  antenna  coupling  is 
too  tight  or  not  enough  feedback  is  present. 
If  the  preselector  cannot  be  made  to  oscillate, 
it  will  be  impossible  to  reach  the  point  of 
maximum  gain  and  selectivity  except  in  rare 
instances. 

In  general,  receivers  should  first  be  aligned 
and  adjusted  by  working  from  the  output  up 
towards  the  input.  In  shooting  trouble,  how¬ 
ever,  it  is  sometimes  more  convenient  to  work 
from  the  input  towards  the  output,  as  in  the 
case  of  running  down  an  oscillation  or  finding 
a  stage  that  lacks  gain.  Tubes  should  be 
shorted  at  the  grid  or  plate  by  a  condenser 
so  as  to  short  the  r.f.  but  not  to  disturb  the 
d.c.  voltages. 

•  SERVICING  SUPERHETERODYNES 

In  addition  to  the  general  receiver  servicing 
suggestions  already  given,  there  are  a  few  oth- 
ers  for  troubles  peculiar  to  superhet  type  re¬ 
ceivers.  Generally  poor  performance,  charac- 
terized  by  broad  tuning  and  poor  sensitivity, 
calls  for  checking  of  the  circuit  tuning  and 
alignment  as  previously  described.  The  pro¬ 
cedure  is  to  start  with  the  receiver  output 
(audio)  and  work  back  as  mentioned  previ¬ 
ously. 

In  case  of  oscillation  in  high-frequency  am- 
plifier  and  first  detector  circuits,  as  evidenced 
by  squeals  or  “birdies”  with  varying  of  their 
tuning,  look  for  poor  connections  in  the  com- 
mon  ground  circuits,  especially  to  the  tuning 
condenser  rotors.  Inadequate  or  defective  by¬ 
pass  condensers  in  cathode,  plate  and  screen- 
grid  circuits  also  can  cause  such  oscillation.  In 


some  cases  it  may  be  advisable  to  piovide  a 

baffle  shield  between  the  stators  of  pre-r.f.  am- 
plifier  and  first-detector  ganged  tuning  con¬ 
densers,  in  addition  to  the  usual  tube  and 
inter-stage  shielding.  A  metal  tube  with  an  un- 
grounded  shell  will  cause  this  trouble.  Im- 
proper  screen-grid  voltage,  as  might  result 
with  a  shorted  or  too-low  screen-grid  series  re- 
sistor,  also  could  be  responsible. 

Oscillation  in  the  i.f.  circuits,  independent  of 
high-frequency  tuning  and  indicated  by  a  con- 
tinuous  squeal  when  the  gain  is  advanced  with 
the  c.w.  beat  oscillator  on,  will  result  from  simi- 
lar  defects  in  i.f.  amplifier  circuits.  Inadequate 
cathode  resistor  by-pass  capacitance  is  a  very 
common  cause  of  such  oscillation.  Additional 
by-pass  capacitance,  0.1  to  0.25  ^fd.,  usually 
will  remedy  it.  The  same  applies  to  screen-grid 
by-passes  of  i.f.  tubes. 

“Birdies”  and  “mush”  occurring  with  tun¬ 
ing  of  the  high-frequency  oscillator  may  indi- 
cate  that  it  is  “squegging”  or  oscillating 
simultaneously  at  high  and  low  frequencies. 
This  may  be  caused  by  a  defective  tube,  too- 
high  oscillator  plate  or  screen-grid  voltage, 
excessive  feed  back  in  the  oscillator  circuit  or 
excessive  grid-leak  resistance. 

Excessive  “hiss”  may  be  caused  by  a  defec¬ 
tive  h.f.  or  i.f.  tube,  by  an  open  grid  circuit, 
or  by  misalignment  of  high-frequency  or  i.f. 
circuits.  It  may  be  helpful  in  some  cases  to 
reduce  the  oscillator  screen  voltage,  in  the 
case  of  an  electron-coupled  oscillator,  or  the 
plate  voltage  in  the  case  of  a  triode.  The  same 
symptoms  and  remedies  apply  to  the  c.w. 
beat  oscillator  and  its  coupling  to  the  second 
detector.  There  should  be  some  increase  in  hiss 
when  the  latter  is  switched  on,  as  a  result  of  the 
i.f.  noise  components  beating  with  the  carrier 
it  furnishes  in  the  second  detector. 

High-frequency  harmonies  from  the  c.w. 
beat  oscillator  will  show  up  as  steady  “car¬ 
riers”  which  tune  in  like  signals.  These  can  be 
identified  by  disconnecting  the  antenna.  If 
they  remain  the  same  with  antenna  on  or  off, 
they  are  almost  certainly  traceable  to  the  beat 
oscillator,  and  are  prevented  by  design  pre- 
cautions  in  shielding  and  filtering  supply  leads. 
Other  “birdies”  which  show  up  in  the  opera- 
tion  of  the  receiver  are  likely  to  result  from 
image  interference.  An  image  beating  with  an 
on-tune  signal,  such  as  an  image  short-wave 
b.c.  station  beating  with  an  amateur  ’phone, 
will  produce  a  heterodyne  that  can  be  tuned, 
and  it  will  tune  twice  as  fast  as  a  regular  signal 
beating  against  the  b.f.o.  Normally,  tuning  will 
not  change  the  pitch  of  the  heterodyne  be¬ 
tween  two  signals  that  can  be  heard  at  the 
same  time.  Second,  with  a  single-signal  re¬ 
ceiver  an  image  will  “peak”  on  the  opposite 
side  of  zero  beat  to  the  side  on  which  normal 
signals  peak  as  the  receiver  is  tuned.  The  last 
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method  gives  positive  image  Identification 
with  the  receiver’s  beat  oscillator  on. 

If  a  receiver  equipped  with  a.v.c.  blocks  on 
moderately  strong  signals  when  the  a.v.c.  is 
supposed  to  be  on,  check  to  make  certain  that 
it  is  in  operation.  If  a  separate  a.v.c.  tube  is 
used,  check  to  see  that  it  has  not  burned  out  or 
failed  otherwise.  If  motorboating  occurs  with 
a.v.c.,  a  defective  tube,  open  load  resistor  or 
leaky  by-pass  condenser  may  be  at  fault.  In¬ 
sufficiënt  time  constant  (too-small  by-pass 
capacitance)  and  inadequate  r.f.  filtering  in  the 
a.v.c.  feed  circuits  also  can  cause  this  trouble. 
On  excessively  strong  signals,  sufficiënt  to  drive 
the  grid  of  a  controlled  tube  positive,  the  same 
effect  is  likely  where  a.v.c.  is  applied  to  only 
1  or  2  stages.  It  is  not  probable  with  the  full 
range  a.v.c.  available  in  the  better  type  re¬ 
ceivers. 

A  similar  motorboating  effect  may  occur 
with  high-selectivity  receivers,  especially  where 
a  crystal  filter  is  used.  It  is  most  noticeable 
with  a.v.c.  in  operation.  lts  source  is  principally 
instability  in  the  high-frequency  oscillator. 
This  trouble  can  be  eliminated  by  improving 
the  voltage  regulation  of  the  supply  and  the 
stability  of  the  oscillator. 

•  AUDIO  AMPLIFIERS 

Audio  amplifiers  do  not  normally  give  any 
trouble  except  from  hum  and,  in  high-gain 
affairs,  feedback  or  “  motorboating.”  Hum  can 
be  reduced  by  making  certain  that  one  side  of 
the  heater  is  grounded  or,  if  both  sides  are  free 
from  ground,  that  both  heater  leads  are  by- 
passed  to  ground.  Hum  can  be  introduced  via 
the  first  grid  of  the  audio  amplifier  —  if  the 
hum  increases  as  the  volume  control  is  turned 
up,  it  is  probable  that  the  hum  is  being  picked 
up  near  the  volume  control,  and  the  case  of  the 
control  should  be  grounded  and  the  grid  lead 
shielded  if  necessary.  Audio  hum  can  also 
come  from  an  inadequately  filtered  power  sup¬ 
ply,  in  which  case  an  additional  8-^fd.  con¬ 
denser  across  the  power  supply  will  reduce  or 
eliminate  the  hum. 

Feedback  or  “ motorboating manifested  by  a 
“putt-putt-putt”  type  of  noise  in  the  output, 
is  caused  by  common  impedanees  in  the  plate 
or  grid  circuits,  and  can  be  eliminated  by  fur- 
ther  by-passing  of  the  circuits  or  by  isolation 
through  resistance-capacity  combinations.  It  is 
rarely  encountered  when  there  is  sufficiënt 
capacity  in  the  output  of  the  power-supply 
filter. 

A  noisy  audio  lolume  control,  indicated  by 
a  scraping  noise  as  it  is  turned,  yields  to  only 
one  solution:  replacement. 

The  tone  control,  which  is  simply  a  variable 
resistor  in  series  with  a  fixed  condenser  which 
enablea  the  higher  audio  frequenciea  to  be 
attenuated,  should  give  no  trouble.  However, 


in  the  event  that  turning  the  tone-control 
knob  doesn’t  have  any  effect  in  reducing  the 
higher  audio  frequencies,  the  condenser  and 
resistor  should  be  checked.  If  the  resistor  is  not 
open,  a  larger  value  of  condenser  should  be 
added. 

•  JUDGING  RECEIVER  PERFORMANCE 

Sensitivity:  The  limiting  factor  determining 
the  effective  sensitivity  of  a  receiver  is  its 
own  noise  ratio.  For  a  given  degree  of  selectiv- 
ity  (band  width)  this  is  determined  by  the 
gain  in  the  first  circuit.  With  the  antenna  dis- 
connected,  a  rough  check  on  this  gain  can  be 
made  by  shorting  the  first  tuned  circuit  of  the 
receiver,  Ieaving  the  other  circuits  unaffected, 
and  noting  the  variation  in  noise  output  on  a 
rectifier-type  voltmeter  connected  across  the 
output  terminals.  The  c.w.  beat  oscillator 
should  be  switched  on  to  furnish  a  carrier  in 
the  second  detector  of  a  superhet,  gain  should 
be  full-on  and  a.v.c.  should  be  switched  off. 
The  noise  output  should  decrease  with  detun- 
ing.  showing  that  the  first  circuit  has  appreci- 
able  impedance  as  evidenced  by  thermal  agita- 
tion  voltage.  If  it  does  not  decrease,  the  gain 
of  this  circuit  is  negligible.  This  test  should  be 
made  on  each  frequency  band.  Little  change  is 
likely  on  14  Mc.,  but  should  become  appre- 
ciable  on  3.5  and  1.7  Mc.  The  test  should  be 
made  on  r.f.  amplifier  and  detector  stages. 
Unchanged  noise  with  the  first  detector  input 
shorted  would  indicate  that  the  first  detector  is 
the  principal  source  of  noise  and  that  there  is 
little  gain  ahead  of  it. 

Stability:  With  the  beat  oscillator  on  and  a 
steady  signal  tuned  in,  vary  the  manual  r.f. 
gain  control  rapidly.  This  will  affect  the  oscil¬ 
lator  plate  supply  voltage,  as  a  result  of  vary- 
ing  r.f.  stage  plate  current  load.  The  beat  note 
should  vary  but  a  few  hundred  cycles.  Another 
check  can  be  made  for  temperature  stability 
by  noting  the  change  in  beat  note  for  a  quarter- 
hour  or  so  after  “cold  start”  of  the  receiver. 
Mechanical  stability  can  be  checked  by  jarring 
the  receiver  and  pushing  against  its  panel  and 
the  sides  of  its  cabinet,  noting  the  shift  in 
c.w.  beat  note. 

Band-Spread:  Band-spread  on  each  amateur 
band  can  be  judged  by  the  tuning  rate  and  the 
calibration  spread.  Tuning  rate  is  the  average 
number  of  kilocycles  covered  with  each  rota- 
tion  of  the  tuning  knob,  while  calibration 
spread  is  the  average  number  of  kilocycles 
represented  by  each  of  the  smallest  tuning 
scale  divisions.  Tuning  rate  of  approximately 
50  kilocycles  per  knob  rotation  is  generally 
satisfactory  in  high-selectivity  s.s.  receivers, 
assuming  a  knob  of  “natural”  size  (approxi¬ 
mately  2-inch  diameter).  Calibration  spread  of 
10  kc.  or  less  per  ecale  division  is  satisfactory 
for  reset  and  logging  purposes. 
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Transmitter  Construction 

Low -  and  Medium- Power  Transmitters — Single-Tube  and 
Push- Pull  Amplifiers  —  Band- Switching  Exciters  and  Amplifiers 
E.C.O.  Exciters  —  Antenna  Couplers 


In  the  descriptions  of  apparatus  in  this  chap- 
ter  not  only  the  electrical  specifications  but 
also  the  manufacturer’s  name  and  type  number 
have  been  given  for  most  components.  This  is 
for  the  convenience  of  the  builder  who  may 
wish  to  make  an  exact  copy  of  some  piece  of 
equipment.  However,  it  should  be  understood 
that  a  component  of  different  manufacture,  but 
of  equivalent  quality  and  having  the  same 
electrical  specifications,  may  be  substituted 
wherever  desired. 

In  most  cases  such  substitutïons  will  make  no 
major  modifications  necessary,  although  slight 
wiring  changes  may  be  needed  to  take  care  of 
different  terminal  arrangements,  etc. 

•  SIMPLE  TETRODE  OSCILLATOR 

TRANSMITTER 

The  unit  shown  in  the  photograph  of  Fig. 

.  1001  represents  one  of  the  simplest  types  of 
amateur  transmitters.  The  various  parts  are 
assembled  on  a  breadboard  which  may  be  pur- 
chased  already  finished  at  any  “dime”  store. 
Rubber  feet  are  tacked  on  at  the  corners  to 
elevate  the  base  a  half-inch  or  so  to  clear 
mounting  screws.  A  “ground”  wire  is  run  from 
one  side  of  the  crystal  Socket  to  one  side  of  the 
coil  Socket  to  which  all  ground  connections 
shown  in  the  diagram  of  Fig.  1002  are  made. 

Since  parallel  plate  feed  is  used,  the  only  ex- 
posed  high-voltage  points  are  the  plate-circuit 
r.f.  choke  and  the  high-voltage  power  terminal. 


Fig.  1001  —  The  simple  breadboard  tetrode  oscillator 
transmitter.  Tbe  grid  r.f.  choke  is  between  the  crystal 
and  6L6  and  the  plate  choke  to  the  right  of  the  6L6. 
The  cathode  and  screen  resistors  are  to  the  rear  of  the 
6L6.  The  blocking  condenser  Cs  is  between  tbe  tube  and 
the  tank  condenser. 
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Fig.  1002  —  Circuit  diagram  of  the  simple  tetrode 
oscillator  transmitter. 

Ct  —  250-g/ifd.  midget  variable  (National  STH250). 

Cs  —  0.001 -„fd.  mica. 

Ca,  C«,  C*  - —  0.01-afd.  paper. 

Rl  —  200  ohms,  2-watt. 

Ra  —  15,000  obms,  2-watt. 

R .f.c.  —  2.5-mh.  r.f.  eboke. 

Li  —  1.75  Mc.  —  42  turns  No.  22  enam.,  2  in.  long. 

3.5  Mc.  —  21  turns  No.  18  enam.,  2  in.  long. 

7  Mc.  —  15  turns  No.  18  enam.,  2  in.  long. 

All  coils  wound  on  4-prong,  1  h£-»n.  diam.  forms. 


Grid  bias  is  obtained  entirely  from  the  cathode 
resistance.  Either  simple  voltage  feed  to  a  half- 
wave  antenna  or  an  antenna  a  multiple  of  one- 
half  wavelength  long  or  link  coupling  to  an  an¬ 
tenna  tuner  (see  Fig.  1046)  may  he  used  by 
adding  the  link  winding  at  the  bottom  of  the 
form  as  indicated. 

Although  a  6L6  is  shown  in  the  photograph, 
a  6V6  might  be  used  at  lower  plate  voltage 
without  circuit  alteration.  Any  available  sup- 
ply  delivering  up  to  450  volts  or  so  may  be 
used  with  this  unit,  the  power  output  obtain- 
able  increasing  with  the  voltage  used.  The  unit 
shown  in  Fig.  1102  is  suitable.  Since  the  circuit 
is  not  designed  for  frequency  doubling,  a  sepa¬ 
rate  crystal  will  be  required  for  each  frequency 
at  which  it  is  desired  to  operate. 

Tuning 

A  milliammeter  with  a  scale  of  100  or  200  ma. 
should  be  connected  in  series  with  the  key  to 
assist  in  tuning.  With  suitable  coil  and  crystal 
in  place  and  the  high  voltage  turned  on,  a  rise 
in  plate  current  should  occur  when  the  key  is 
closed.  The  plate  tank  condenser  Ci  should 
then  be  rotated  until  there  is  a  pronounced  dip 
in  plate  current  at  resonance.  If  the  voltage-fed 


Fig.  1003  —  The  6L6  combination  oscillator  trans- 
mitter  is  built  in  compact  form  on  a  4-in.  by  5-in.  by  5-in. 
chassis  or  utility  box.  The  plate  coil  La  is  bebind  the  tank 
condenser  and  the  cathode  unit  plugs  into  the  Socket  to 
the  left.  The  tank  condenser  mounts  on  the  chassis  witb 
metal  spaeers.  A  clearance  hole,  lined  witb  a 
grommel  is  provided  at  the  rear  of  the  tank  condenser 
for  the  connection  to  the  coil  socket  underneath.  Six- 
prong  sockets  are  used  for  the  cathode  units  and  the 
crystal,  5-prong  for  the  plate  coil  and  octal  for  the  6L6. 
AU  are  Amphenol  type  MIP. 


antenna  is  used,  it  may  now  be  connected  to 
the  antenna  terminal  and  a  temporary  wire 
run  from  the  antenna  terminal  to  reach  the 
coil  Li.  Starting  at  a  point  one-third  or  half- 
way  up  from  the  bottom  of  the  coil,  scrape  the 
wire  at  a  spot,  being  careful  not  to  short-circuit 
turns,  and  let  the  antenna  wire  rest  against  the 
bare  spot.  Tuning  the  transmitter  as  before, 
the  plate-current  dip  should  again  be  found, 
although  less  pronounced  this  time.  The  tap 
should  be  moved  gradually  toward  the  top  of 
the  coil  until  only  a  slight  dip  in  plate  current 
is  observed  as  the  plate  tank  circuit  is  tuned 
through  resonance.  At  each  adjustment  of  the 
antenna  tap,  the  transmitter  should  be  tested 
to  make  sure  that  the  circuit  keys  well.  Should 
a  point  be  reached  where  it  is  difficult  to  get 
the  crystal  to  start,  the  tap  should  be  backed 
off  somewhat.  It  will  be  found  possible  to  load 
up  the  circuit  more  with  certain  more  active 
crystals  than  with  others  and  still  maintain 
good  starting  and  keying  characteristics.  When 
a  satisfactory  point  has  been  found  for  the 
tap,  it  may  be  soldered  in  place  permanently 
and  a  connection  made  through  one  of  the 
unused  pins  on  the  coil  form. 

With  a  6L6  and  a  plate  supply  delivering  400 
volts,  the  screen  voltage  will  run  about  250 
volts.  The  tube  will  draw  about  75  ma.  non- 
oscillating,  dipping  to  about  50  ma.  at  reso- 


Transmitter  Construction 

nance  with  the  antenna  disconnected.  It  should 
be  possible  to  load  up  the  circuit  until  the  tube 
draws  about  80  ma.  at  resonance.  Under  these 
conditions,  the  power  output  on  each  band 
should  be  15  to  20  watts. 

•  6L6  COMBINATION -OSCILLATOR 
TRANSMITTER 

In  the  low-power  transmitter  shown  in  Figs. 
1003  and  1005,  a  combination  circuit  is  used 
to  obtain  output  at  the  second  harmonie  of  the 
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Fig.  1004  —  Circuit  diagram  of  the  6L6  combination 

oscillator  transmitter. 

Ci  —  250-jxMfd.  midget  variable  (National  STH250). 

C2  —  50-jtjifd.  mica.  D  —  60-nia.  dia!  light. 

C3,  CU,  Cs — 100-aafd.  mica.  Ri — 20,000  ohms»  1-watt. 

Ce  —  0.001 -afd.  mica.  R2  —  200  ohms,  10-watt. 

C7,  Cs,  C» — 0.01-afd.  paper.  R.f.c. — 2.5-mh.  r.f.  choke. 

Li  —  For  3.5-Mc.  output  with  1.75-Mc.  crystal  —  32 
turns,  No.  22  d.s.c.  close-wound. 

For  7-Mc.  output  with  3.5-Mc.  crystal  — 10 
turnB,  1-in.  long. 

For  14-Mc.  output  with  7-Mc.  crystal — 
turns,  1-in.  long. 

AU  above  wound  with  No.  22  enam.  on  13^-in. 
diam.  6-pin  forms. 

L2  —  1.75-Mc.  output  —  40  turns  No.  22  enam.,  1^4-in. 
long. 

3.5-Mc.  output  — 21  turns  No.  18  enam.,  lj^-in. 
long. 

7-Mc.  output  —  11  turns  No.  18  enam.,  1-in.  long. 

14-Mc.  output  —  6  turns  No.  18  enam.,  1-in.  long. 

AH  above  wound  on  lj^-in.  diam.,  5-pin  form». 
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crystal  frequency  as  well  as  at  its  fundamental 
frequency.  Thus,  a  orystal  of  properly-chosen 
frequency  may  be  used  to  obtain  output  in  two 
bands;  a  3.5-Mc.  crystal,  for  instance,  may  be 
used  to  operate  in  the  7-Mc.  as  well  as  the 
3.5-Mc.  band. 


Fig.  1005  —  Assenibly  of  small  parts  underneath  and 
wiring  is  simplified  by  the  fact  that  the  top  plate  is  re- 
movahle,  making  it  possible  to  do  mo3t  of  the  Work  out- 
side  the  hox.  Filament  and  other  low-potential  wiring, 
resistors  and  by-pass  condensers  are  placed  down  close 
to  the  chassis,  while  r.f.  chokes  and  high-potential  r.f. 
leads  are  kept  well-spaced  from  the  metai.  Insulating 
lug  strips  anehor  the r.f.chokes,  etc.,  and  the  termination 
of  the  power  cable.  Insulated  pin  jaeks  at  the  rear  are 
used  for  the  key  and  Hnk-output  terminals. 

The  circuit,  shown  in  Fig.  1004  combines 
the  features  of  the  “grid-plate”  oscillator, 
which  has  been  found  to  possess  advantages 
over  most  others  for  operation  with  maximum 
output  at  the  crystal  frequency,  and  those  of 
the  Tri-tet  circuit  which  is  excellent  for  ob- 
taining  output  at  the  second  harmonie.  Both 
circuits  possess  characteristics  approaching 
those  of  an  oscillator-amplifier  in  that  the 
oscillating  circuit  proper  is  isolated  and,  there- 
fore,  operates  more  or  less  independently  of 
the  output  load  circuit.  Change  from  one  cir¬ 
cuit  to  the  other  is  made  automatieally  by 
plugging  in  the  proper  units  in  the  cathode  cir¬ 
cuit.  The  60-ma.  dial  light,  D,  is  in  series  with 
the  crystal  to  serve  as  an  indicator  of  crystal 
r.f.  current  and  as  a  safety  fuse  in  case  the 
wrong  combination  of  units  is  plugged  in  by 
mistake. 

The  unit  is  built  up  in  compact  form,  since  it 
is  designed  to  combine  with  the  power  supply 
of  Fig.  1 102  and  the  antenna  tuner  of  Fig.  1046 
to  form  a  single  Standard  17-inch  rack  unit. 
(See  Fig.  1305.)  The  top  of  the  box  is  remov- 
able  so  that  only  the  connections  to  the  key 

lzLO  CHAPTER  TEN 


and  output  terminals  and  the  power-supply 
lug  strip  need  be  made  after  the  top  plate  is 
fastened  to  the  box.  It  will  be  necessary  to 
make  one  or  two  small  cutouts  along  the  top 
edge  of  the  box  to  clear  the  sockets.  The  unit  is 
designed  to  connect  to  the  power  supply 
through  a  5-wire  cable  as  shown  in  Fig.  1306. 

T  uning 

Reference  should  be  made  to  the  table  of 
cathode  units  in  Fig.  1004  to  determine  which 
unit  to  use  depending  upon  the  frequency-band 
of  the  crystal  and  the  band  in  which  power 
output  is  desired.  It  will  be  noted  that  there  is 
no  winding  on  the  cathode-unit  coil  forms 
shown  for  output  at  the  crystal  fundamental, 
the  empty  coil  form  merely  being  strapped  to 
close  the  required  circuits.  The  1.75-Mc.  unit 
contains  an  extra  100-,u,ufd.  condenser  which 
connects  in  parallel  with  C3  when  the  unit  is 
plugged  in,  The  cathode  units  for  use  when  the 
circuit  is  to  doublé  frequency  have  each  a 
winding  as  indicated.  If,  for  example,  we  wish 
to  operate  in  the  3.5-Mc.  band  with  a  3.5-Mc. 
crystal,  unit  C  is  plugged  into  the  cathode- 
circuit  socket  and  the  plate  coil  for  3.5-Mc.  in 
the  plate-coil  socket.  If  we  were  to  operate  at 
3.5  Mc.  with  a  1.75-Mc.  crystal,  unit  B  wmuld 
be  used  in  the  cathode  circuit  and  the  same 
plate  coil  used.  7-Mc.  output  from  a  3.5-Mc. 
crystal  will  be  obtained  with  unit  D  in  the 
cathode  socket  and  the  7-Mc.  plate  coil,  etc. 

The  use  of  fixed  values  in  the  cathode  circuit 
has  eliminated  any  manual  control  for  this  cir¬ 
cuit.  Therefore,  it  is  necessary  only  to  tune  the 
plate  circuit  for  output  on  any  given  band. 
Any  plate  voltage  up  to  500  may  be  used,  the 
power  output  increasing  with  plate  voltage 
increase. 

Screen  voltage  may  be  taken  from  a  voltage 
divider  resistance  across  the  output  of  the 
plate-voltage  supply.  It  is  preferable  to  locate 
the  voltage-divider  resistance  in  the  power- 
supply  unit  as  described  under  Fig.  1306 
rather  than  in  the  oscillator  unit  itself  to  re- 
duce  heating  effects.  The  divider  tap  should  be 
set  so  the  screen  voltage  does  not  exceed  300 
volts  under  loaded  operating  conditions.  Tun- 
ing  the  transmitter  is  merely  a  matter  of  tuning 
the  plate  circuit  to  resonance  and  adjusting 
the  load.  When  operating  at  the  crystal  funda¬ 
mental,  oscillations  will  start  when  the  plate 
circuit  is  tuned  only  approximately  at  reso¬ 
nance,  the  plate  current  dipping  as  usual  at 
resonance.  With  a  500-volt  plate  supply  and 
the  screen  voltage  set  at  250  volts,  the  plate 
current  when  the  circuit  is  not  oscillating  will 
run  approximately  80  ma.,  dropping  to  40  ma. 
or  so  at  resonance.  As  the  antenna  is  coupled, 
the  dip  in  plate  current  at  resonance  will  be- 
come  less  pronounced,  disappearing  almost 
entirely  when  the  circuit  is  fully  loaded.  It  is 
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Fig.  1007 —  The  chassis  is  7-in.  by  17  in. 
by  3  in.  All  sockets  except  tbat  £or  the  final 
tank  coii  are  submounted.  The  cathode  coil, 
Li,  is  in  front  of  the  oscillator  tuhe.  The  final 
tank  condenser,  C3,  to  the  left  is  mounted  on 
insulating  huttons  and  spacers  to  bring  the 
shaft  up  level  with  that  of  the  dual  con¬ 
denser.  Amphenol  type  MIP  sockets  are  used 
throughout,  a  6-prong  with  two  groups  of 
three  prongs  wired  together  for  the  crystal 
socket.  One-half-inch  holes  lined  with  grom- 
mets  are  drilled  for  the  high -poten  tial  leads 
which  must  pass  through  the  chassis.  The 
halancing  condenser,  C2,  is  mounted  at  the 
rear  of  Ci. 


best  to  use  some  sort  of  indicator  in  the  load 
circuit,  such  as  an  r.f.  ammeter  in  the  feeder, 
to  assist  in  tuning  for  maximum  output. 
Heavy  loading  should  not  affect  the  oscillator’s 
keying  characteristics.  When  loaded  so  that 
the  tube  draws  75  ma.,  the  output  should  be 
close  to  20  watts  on  any  of  the  three  bands 
under  the  conditions  described. 

The  tuning  procedure,  when  operating  at  the 
crystal’s  second  harmonie,  is  similar.  Oscilla- 
tions  should  start  as  soon  as  the  plate  voltage 
is  applied  and  the  key  closed,  regardless  of  the 
setting  of  the  tank  condenser.  Under  the  con¬ 
ditions  described  previously,  the  plate  current 
should  dip  to  40  or  50  ma.  at  resonance  with 
the  circuit  unloaded.  Adjusting  the  load  so 
that  the  plate  current  runs  80  to  90  ma.  at 
resonance,  the  output  at  the  harmonie  fre- 
quency  should  be  12  to  15  watts.  Here  also, 
loading  should  have  no  effect  upon  keying 
characteristics.  Under  normal  conditions  the 


Fig.  1006  —  The  panel  of  the  two-8tage  6L6  trans- 
mitter  is  8%  hy  19  inches.  The  toggle  switch  at  the  left 

is  SWi  and  the  one  at  the  right  SW2.  The  meter  switch 

is  below  the  meter. 


crystal-current  dial  lamp  should  show  no  more 
than  a  medium-bright  glow.  A  bright  light  or  a 
burn  out  will  indicate  a  fault  in  the  circuit  or  a 
mistake  in  the  cathode  unit  selected. 

As  indicated  in  Fig.  1004,  coupling  to  the 
antenna  circuit  is  by  means  of  a  link  winding 
wound  on  the  plate  tank-coil  form  below  the 
plate  winding.  The  number  of  turns  in  this  link 
winding  and  the  distance  from  the  plate  coil 
should  be  adjusted  to  give  the  desired  coupling 
for  each  band.  Usually  3  or  4  turns  spaced 
about  M-in.  from  the  plate  winding  will  be 
found  sufficiënt. 

•  ATWO-STAGE  6L6  TRANSMITTER 

In  the  two-stage  transmitter  shown  in  the 
photographs  of  Figs.  1006,  1007,  and  1009,  a 
6L6  or  6V6  crystal  oscillator  is  used  to  drive  an 
output  stage  employing  a  pair  of  6L6’s.  The 
oscillator  circuit  (Fig.  1008)  is  arranged  so 
that  it  is  operated  as  a  Tri-tet  with  fixed 
cathode  tuning  when  it  is  desired  to  doublé 
frequency  in  the  plate  circuit  of  the  oscillator 
while,  by  short-circuiting  the  cathode  tank 
circuit,  it  is  operated  as  a  tetrode  oscillator  for 
obtaining  oscillator  output  at  the  crystal  fun- 
damental. 

The  output  stage  is  arranged  primarily  as  a 
push-push  doubler  so  that  frequency  may  be 
doubled  in  this  stage  as  well  as  in  the  oscillator 
when  required.  Thus,  output  frequencies  in 
three  bands  may  be  obtained  from  a  single 
crystal  of  properly-chosen  frequency. 

When  the  output  stage  is  to  be  operated  as 
a  straight  amplifier,  the  heater  of  one  of  the 
tubes  is  turned  off  by  opening  SW^  which 
also  cuts  in  extra  resistance  in  series  with  the 
high  voltage  to  the  oscillator  plate  to  reduce 
the  output  of  the  oscillator,  thereby  avoiding 
over-driving  of  the  single  tube  with  conse¬ 
quent  reduction  in  output.  The  idle  tube  acts 
as  a  neutralizing  condenser  for  the  other. 

The  plate  circuit  of  the  oscillator  is  split  to 
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Cryatal 
&  Cath. 

OiC. 

Plate 

Output 

Circuit 

SJFi 

SiFa 

1.75  Mc. 

1.75  Mc. 

1.75  Mc. 

Closed 

Open 

1.75  Mc. 

1.75  Mc. 

3.5  Mc. 

Closed 

Closed 

1.75  Mc. 

3.5 

Mc. 

3.5  Mc. 

Open 

Open 

1.75  Mc. 

3.5 

Mc. 

7  Mc. 

Open 

Closed 

3.5  Mc. 

3.5 

Mc. 

3.5  Mc. 

Closed 

Open 

3.5  Mc. 

3.5 

Mc. 

7  Mc. 

Closed 

Closed 

3.5  Mc. 

7 

Mc. 

7  Mc. 

Open 

Open 

3.5  Mc. 

7 

Mc. 

14  !«j  Mc. 

Open 

Closed 

7  Mc. 

7 

Mc. 

7  Ê  Mc. 

Closed 

Open 

7  Mc. 

7 

Mc. 

14  Mc. 

Closed 

Closed 

7  Mc. 

14 

Mc. 

14  Mc. 

Open 

Open 

7  Mc. 

14 

Mc. 

28  Mc. 

Open 

Closed 

provide  for  push-pull  feed  to  the  output  stage. 
C2  is  used  to  compensate  for  the  unbalancing 
effect  of  the  output  capacity  of  the  oscillator 


tube  connected  across  the  opposite  side  of  the 

plate  circuit. 

Meter  switching  is  provided  so  that  a  single 
milliammeter  may  be  used  to  check  all  plate 
and  grid  currents.  The  shunting  resistances 
Ru,  Rib  and  Ru,  which  are  connected  across 
the  10-ma.  meter  when  reading  grid  currents, 
are  sufficiently  high  in  value  to  have  negligible 
effect  upon  the  original  calibration  of  the  me¬ 
ter.  Ru  and  Rib  are  wound  with  copper  wire 
and  the  resistance  adjusted  to  give  a  meter- 
scale  multiplication  of  10  and  30  respectively, 
so  that  the  original  scale  of  10  ma.  will  be  in- 
creased  to  100  ma.  for  checking  oscillator 
cathode  current  and  to  300  ma.  for  checking 
amplifier  cathode  current.  Information  on 
making  these  shunts  will  be  found  in  Chap. 


Fig.  1008  —  Circuit  diagram  of  the  two-stage  6L6  tranamitter. 


Ci  —  Split-statormidget  condenaer, 

140  /igfd.  per  section  (Ham- 
marlund  MCD140S). 

C2  —  25-/1  fifd.  midget  (Cardwell 
ZR25AS). 

C3  —  260-u/ifd.  variable  condenser 
(Hammarlund  MTC-250- 
C). 

C4  —  100-/i/ifd.  mica. 

Cs,  Ca  —  150-/1 /ifd.  mica. 

Li  —  1.75-Mc.  crystals  — 32  turns  No.  22  d.s.c.,  close- 
wound. 

3.5-Mc.  crystals  —  10  turns  No.  22  d.s.c.,  1-in. 
long. 

7-Me.  crystals  —  6)4  turns  No.  22  d.s.c.,  %-in. 
long. 

Above  coils  wound  on  Hammarlund  l)4-in.  diam., 
4-pin  coil  forms. 

L2  —  1.75  Me.  - —  68  turns  No.  24  d.s.c.,  close-wound 

3.5  Mc.  —  36  turns  No.  24  d.s.c.,  2-in.  long. 

7  Mc.  — 22  turns  No.  22  d.s.c.,  l)4-in.  long. 

14  Mc.  —  10  turns  No.  22  d.s.e.,  l)4-in.  long. 


-0.01- 


C7,  Cs,  Cs,  C10,  Cn,  C12 

/ifd.  paper. 

Cx  —  100-/iafd.  mica. 

MA  —  Milliammeter  with  0-10  ma. 

scale  (Triplett  Mod.  326). 
R.f.c.  - —  2.5-mh.  r.f.  choke. 

Ri  —  20,000  ohms,  1-watt. 

R2,  R2  — -  50,000  ohms,  1-watt. 

R4  —  200  ohms,  2  -  watt. 

Rs  —  200  ohms,  10-watt. 

Ra  —  50,000  ohms,  2-watt. 

R7  —  15,000  ohms,  10-watt. 


Rg,  Rs  —  5000  ohms,  10-watt. 

R10,  Ru  —  10,000  ohms,  10-watt. 
Ria  —  Meter  multiplier  resistance, 
10  times. 

Ria  —  Meter  multiplier  resistance, 
30  times. 

R14,  R15,  Ria  —  50  ohms,  )4-watt. 
SWi  —  S.p.s.t.  toggle  switch. 

SW2  —  D.p.s.t.  toggle  switch. 

SWa — Two-gang,  5-contact  tap 
switch  (Mallory  1326L). 
Above  coils  wound  on  Hammarlund  l)4-in.  diam., 
5-prong  coil  forms,  centertapped. 

La  —  1.75  Mc.  —  28  turns  No.  18  enam.,  2)4 -in.  diam., 

1) 4-in.  long. 

3.5  Mc.  —  16  turns  No.  14  enam.,  2)4 -in.  diam., 

2) 4 -in.  long. 

7  Mc.  — 10  turns  No.  14  enam.,  2)4 -in.  diam., 
2)4 -in.  long. 

14  Mc.  —  6  turns  No.  14  enam.,  2)4 -in.  diam., 
2)4 -in.  long. 

28  Mc.  —  3  turns  No.  14  enam.,  l)4-in.  diam., 
1)4 -in.  long. 
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Fig.  1009  —  Iligh-poteDtial  r.f. 
leads  sbould  be  made  as  short  as 
possible  and  kept  well-spaced 
from  the  chassis.  By-pass  con- 
densers  and  resistors  are  fastened 
with  one  end  soldered  to  the  point 
of  connection  and  the  other  end 
grounded  to  the  nearest  mount- 
ing  screw  or  supported  hy  a  librc 
lug  strip  whcre  insulation  is  re- 
quired.  The  meter -shunting  re- 
sistanees  are  soldered  direetly  to 
the  switeh  points.  The  eathode- 
circuit  condenser,  C4  is  con- 
neeted  across  the  soeket  of  Li, 
with  the  short-cireuiting  switch, 
SWi  direetly  in  front. 


17.  The  cathode  circuits  of  both  stages  are 
keyed  simultaneously. 

The  amplifier  will  handle  a  power  input  of  80 
to  90  watts  when  both  tubes  are  in  use,  or  in¬ 
puts  up  to  50  watts  when  the  single  tube  is 
used  as  a  neutralized  amplifier.  At  a  voltage  at 
the  input  terminal  of  475  volts,  which  should 
not  be  exceeded  (the  power-supply  shown  in 
Fig.  1104  is  suitable),  output  power  between 
40  and  45  watts  is  obtainable  from  the  two 
tubes  as  doublers  at  3.5,  7  and  14  Mc.  and  22 
watts  at  28  Mc.  The  single  tube,  operating  as  a 
straight  amplifier,  will  deliver  30  to  35  watts. 
When  lower  voltages  are  used,  power  output 
will  be  proportionately  reduced. 

Coils 

Coils  for  L i  and  Li  are  wound  on  Hammar- 
lund  13^-inch  diameter  forms,  folio wing  the 
dimensions  given  under  the  circuit  diagram. 
Four-prong  forms  are  used  for  L\  and  5-prong 
forms  for  Li.  Li  is  tapped  at  the  center  in  each 
case.  Connections  for  the  cathode-circuit 
soeket  and  coil  forms  are  shown  in  Fig.  1008. 
In  the  coil  for  use  with  3.5- Mc.  crystals  only, 
an  extra  100-/xpfd.  mica  condenser,  Cx,  is  con- 
nected  across  the  two  unused  pins  of  the  form. 
This  is  automatically  connected  in  parallel 
with  Ci  when  the  3.5-Mc.  cathode  coil  is 
plugged  in.  All  coils  for  L3,  excepting  the  one 
for  28  Mc.  are  wound  on  Hammarlund  5- 
prong,  23^-in.  diameter  forms.  The  coil  for  28 
Mc.  is  wound  on  a  lj^-in.  form. 

Tuning 

The  accompanying  table  shows  the  various 
combinations  which  may  be  used  to  obtain 
output  in  the  desired  band  with  any  particular 
crystal  and  as  indicates  the  positions  in 
which  (SWi  and  &W2  should  be  thrown  for  each 
combination.  For  preliminary  testing,  the 
high-voltage  connection  to  the  output  stage 
should  be  disconnected  at  the  terminal.  After 
the  operator  has  become  accustomed  to  tuning 
the  transmitter,  this  will  be  unnecessary.  Both 
switches  should  be  closed  and  a  combination 
of  crystal  and  coils  chosen  which  will  permit 


the  oscillator  plate  circuit  to  be  tuned  to  the 
crystal  frequency  and  the  output  circuit  to  the 
second  harmonie  of  the  crystal  frequency;  i.e., 
3.5-Mc.  crystal,  3.5-Mc.  coils  for  Li  and  In 
and  7-Mc.  coil  for  L*.  The  meter  switch  should 
be  thrown  to  the  first  position  where  the  meter 
reads  oscillator  cathode  current.  As  soon  as 
the  plate  voltage  has  been  applied  and  the  key 
closed,  Ci  should  be  tuned  for  a  dip  in  plate 
current.  When  this  has  been  found,  the  meter 
switch  should  be  turned  to  the  fourth  position 
so  that  the  meter  will  read  total  grid  current  to 
the  output  stage.  After  Ci  has  been  adjusted 
for  maximum  grid-current  reading,  the  switch 
may  be  set  at  the  second  position  where  the 
meter  reads  the  grid  current  for  one  tube.  This 
reading  should  be  compared  with  that  for  the 
other  tube  by  turning  to  the  third  switch  posi¬ 
tion.  C2  should  now  be  adjusted  in  small  steps, 
following  each  step  with  a  retuning  of  Ci  for 
maximum  grid  current  to  one  tube  and  then 
switching  the  meter  over  to  compare  it  with 
that  of  the  second  tube.  Eventually  a  point 
will  be  found  where  the  two  individual  grid 
currents  are  equal  and  C 2  will  require  no  fur- 
ther  attention.  The  meter  switch  may  now  be 
turned  to  the  last  position,  the  plate  voltage 
applied  to  the  output  stage  and  C 3  tuned  for 
maximum  plate-current  dip, 

Adjustments  when  doubling  frequency  in 
the  oscillator  are  similar,  except  that  SW 1  will 
be  open  instead  of  closed.  In  operating  the 
single  tube  in  the  amplifier  stage  for  straight 
amplification,  adjustments  are  the  same  ex¬ 
cept  that  SW2  is  open  and  the  plate  current 
will  not  run  so  high.  Grid  current  will,  of 
course,  flow  but  to  one  tube.  Since  the  range 
of  C3  may  be  great  enough  with  certain  coils 
to  cover  more  than  one  band,  care  should  be 
taken  to  make  sure  that  the  correct  plate-cur¬ 
rent  dip  is  selected. 

A  link  winding  should  be  wound  below  L3 
on  the  same  form  for  coupling  to  the  link  input 
of  a  following  amplifier  or  to  a  suitable  an¬ 
tenna  tuner. 

Typical  values  of  voltages  and  currents  for  a 
supply  voltage  of  475  are  given  below.  They  are 
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Fig.  1010  — -  A  steel  utility  box,  5  in.  by  6  in.  by  9  in.,  is  used  as 
the  chassis.  A  Standard  7-by-8  steel  panel  is  fastened  on  the  front. 
The  small  knob  to  the  left  Controls  the  vemier  for  small  frequency 
changes,  while  the  one  to  the  right  operates  the  keying  switch.  Tbe 
shaft  of  the  6L6  padder  is  in  front  of  the  802  plate  padder  at  the  rear. 


for  tuned  and  loaded-circuit  conditions.  Load- 
ing  of  the  output  amplifier  should  not  be 
carried  beyond  the  point  giving  normal  tube 
life.  Those  indicated  at  (a)  are  typical  when  a 
single  tube  is  operating  in  the  output  stage, 
while  those  indicated  at  (b)  are  for  two  tubes  in 
the  final. 

Oscillator 

Plate-cathode  voltage  (a)  125-140  (b)  175-250 
Soreen-eathode  voltage  (a)  75-90  (b)  100-140 
Cathode  current  (a)  15-25  ma.  (b)  30-45  ma. 

Output  Stage 

Plate-cathode  voltage  (a)  450  (bl  450 
Screen-cathode  voltage  (a)  360-375  (b)  300-325 
Cathode  current  (a)  95-120  ma.  (b)  160-200  ma. 

Grid  current  (a)  1-1.5  ma.  (b)  1.5-2. 5  ma.  per  tube 

•  AN  E.C.O.  EXCITER  UNIT 

In  discussing  self-controlled  oscillators  in 
Chap.  5,  the  importance  of  care  in  design  and 
construction  was  stressed.  In  the  unit  shown 
in  Figs.  1010  and  1012  the  various  factors 
which  contribute  toward  instability  have  been 
taken  into  consideration.  The  6F6  was  chosen 
for  the  oscillator  tube  since  it  is  remarkably 
free  from  “microphonics”  or  changes  in  fre¬ 
quency  caused  by  mechanical  jarring.  It  is 
followed  by  a  6L6  frequency  doubler  to  pro- 


vide  isolation  between  the  oscillator 

and  following  stages.  The  802  is  used 
in  the  ouput  stage  to  add  further  to 
the  isolation  and  to  provide  a  means 
of  obtaining  a  power  output  from  the 
unit  of  15  to  20  watts  or  more  at  full 
voltage  —  a  power  level  comparable 
to  that  of  a  power  crystal  oscillator. 
This  type  was  chosen  in  preference  to 
the  807  because  of  the  latter’s  tend- 
ency  toward  parasitic  oscillations 
which  are  often  responsible  for  poor 
e.c.o.  performance.  It  is  considered 
preferable  to  build  the  isolating  and 
power  stages  into  the  e.c.o.  unit  rather 
than  to  feed  the  oscillator  into  existing 
stages  of  a  transmitter  which  may  not 
be  designed  for  the  purpose. 

It  will  be  noticed  from  the  circuit 
diagram  of  Fig.  1011  that  the  grid 
circuit  of  the  e.c.o.  and  the  plate  cir¬ 
cuits  of  the  6L6  and  the  802  are  tuned 
simultaneously  by  a  gang  of  three 
midget  condensers.  These  circuits 
may  be  tuned  individually  by  omit- 
ting  C5  and  Cs  and  substituting  100- 
/upfd.  condensers  for  C 7  and  C%.  The 
slight  additional  cost  of  the  ganging 
is  well  worth  while,  however.  Parallel 
plate  feed  is  used  throughout  to  per- 
mit  direct  grounding  of  the  various 
tuned-circuit  components.  The  sepa¬ 
rate  cathode  winding,  L2,  instead  of 
a  tap  on  Lj  facilitates  a  convenient 
keying  circuit  for  the  oscillator. 

The  unit  is  designed  to  give  output  in  two 
bands  —  either  the  1.75-  and  the  3.5-Mc.  bands 
or  the  3.5-  and  the  7-Mc.  bands  depending 
upon  the  choice  of  the  constructor.  The  grid- 
circuit  inductance  of  the  oscillator  and  the 
plate-circuit  inductance  of  the  6L6  are  per- 
manently  mounted  and  only  the  plate  coil  of 
the  802  needs  changing  for  operating  as  a 
straight  amplifier  or  as  a  doubler.  For  1.75- 
and  3.5-Mc.  output,  the  oscillator  operates  at 
875  kc.,  the  6L6  at  1.75  Mc.  and  the  802  at 
either  1.75  or  3.5  Mc.  For  3.5  and  7-Mc.  out¬ 
put  the  oscillator  operates  at  1.75  Mc.,  the 
6L6  at  3.5  Mc.  and  802  at  either  3.5  or  7  Mc. 

The  tuning  range  is  adjusted  so  that  the 
1.75- and  3.5-Mc.  bands  are  spread  over  about 
90  per  cent  of  the  dial  scale.  At  7  Mc.  only  the 
lower-frequency  portion  of  the  range  is  useful. 
However,  no  difficulty  should  be  experienced 
in  setting  quickly  within  audibility  of  a  chosen 
frequency  —  even  at  the  28-Mc.  harmonie. 
C\  is  provided  as  a  handy  means  of  setting  the 
frequency  to  zero  beat  or  for  making  small 
frequency  changes. 

Although  zero  temperature-coefficient  con¬ 
densers  are  specified  for  the  oscillator  padding 
capacity,  (Ci  and  C2),  an  ordinary  500-MMfd. 
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mica  condenser,  or  one  of  the  silvered  type, 
may  be  substituted  if  maximum  reduction  in 
frequency  drift  is  not  considered  important. 
Since  the  tubes  are  mounted  on  top  of  the  unit 
and  all  voltage-dropping  resistor  networks  are 
external  to  the  unit,  the  variation  in  tempera- 
ture  inside  the  box  is  reduced  substantially  to 
that  of  the  operating  room. 

The  switch  in  the  keying  circuit  has  three 
positions.  In  the  first  position,  the  oscillator 
and  6L6  stages  operate  through  the  key  to 
produce  a  monitoring  signal  for  setting  fre¬ 
quency.  In  the  second  position,  both  oscillator 
and  output  stages  are  keyed  for  break-in  oper- 
ation.  For  those  who  prefer  buffer  keying,  the 
third  position  switches  the  oscillator  to  con- 
tinuous  operation,  while  the  802  alone  is  keyed. 

It  may  also  be  well  to  mention  that  the  un- 
usually  large  value  of  plate  blocking  capacity 
for  Ci9  is  required  in  this  instance  to  detune  a 
parasitic  circuit  set  up  by  the  r.f.  chokes  in  the 
6L6  grid  and  plate  circuits.  The  r.f.  choke  in 
the  cathode  circuit  of  the  802  eliminated  a 
tracé  of  r.f.  in  the  keying  leads. 


Cons  truc  tion 

The  unit  is  constructed  with  a  steel  utility 
box  5"  by  6"  by  9"  as  the  chassis.  Both  top 
and  bottom  plates  of  this  box  are  removable 
whieh  facilitates  construction,  since  all  but  a 
few  components  are  mounted  on  the  top  plate. 
The  three  condensers  of  the  tuning  gang  are 
first  coupled  together  and  set  in  place  with  the 
shaft  running  along  the  center  of  the  plate  and 
the  shaft  of  the  first  condenser  (C 3)  protruding 
far  enough  in  front  for  the  dial.  The  tube  sock- 
ets  are  then  placed  in  the  positions  shown  in 
the  photographs,  the  sockets  for  the  6F6  and 
802  on  one  side  and  the  6L6  on  the  other  side 
opposite  the  6F6.  The  coil  forms  and  the  6L6 
padder,  C 7,  are  then  placed,  spacing  the  coil 
forms  a  half-inch  or  so  from  the  plate  with 
spacers.  The  plate-circuit  components  for  the 
802  are  then  arranged  on  top  of  the  base  so 
that  their  mounting  screws  will  not  interfere 
with  the  components  placed  below.  The  plate- 
circuit  r.f.  choke  and  blocking  condenser, 
C 12,  are  behind  the  802  with  a  National  feed- 
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Fig.  1011  —  Circuit  diagram  of  the  e.c.o.  excitcr. 


Ci,  C2  —  250-M/ifd.  fixed,  zero-temp.  coëfficiënt  — 
(Centralab  816Z). 

C3  —  200-/i/ifd.  midget  variable  (Hammarlund 
MC200M). 

C4  —  15-MMfd.  midget  variable  (Hamjnarlund  HF15X). 
Cs,  Ce  —  50-MMfd.  midget  variable  (Hammarlund 
MC50M). 

C7  —  50-M^fd.  midget  variable  (Hammarlund  HF50). 

Cs  —  50-Mjtfd.  midget  variable  (Hammarlund  MC50S). 
Cd,  Cio  —  100-/ijtfd.  mica. 

C11  —  250-Mjtfd.  mica. 

C12  —  0.001  -^fd.  mica. 

C13,  Cu,  C15,  Cie,  C17,  Cis,  Cis,  C20,  C21,  C22  —  0.01-jxfd. 

paper. 

J  —  Single  open -circuit  jack. 

Ri  —  0.1  meg.,  J'é-watt. 

R.2  —  0.1  meg.,  J^-watt. 

R3  —  400  obms,  1-watt. 

R4  —  50,000  ohms,  1-watt. 

R.F.C.  — 2.5-mb.  r.f.  choke. 

Sw  —  Two-circuit,  3-position  switch  (Mallory  3223 J). 
Li  —  0.875  Mc.  —  60  turns  No.  24  enam.,  close-wound. 

1.75  Mc.  —  26  turns  No.  22  d.s.c.,  %-in.  long. 

L2  —  0.875  Mc.  —  20  turns  No.  24  enam.,  wound  turn 


for  turn  over  ground  end  of  Li,  game  direction. 

1.75  Mc.  —  9  turns  No.  22  d.s.c.,  wound  turn  for 
turn  over  ground  end  of  Li,  game  direction. 

L3  —  1.75  Mc.  —  85  turns  No.  30  d.s.c.,  close-wound, 
tapped  at  22  turns  from  plate  end. 

3.5  Mc.  —  37  turns  No.  24  d.s.c.,  close-wound, 
tapped  at  10  turns  from  plate  end. 

L4 — '1.75  Mc.  —  60  turns,  1%-in.  diam.,  1%-in.  long 
(National  AR160E  coil  with  12  turns  removed, 
tapped  at  12  turns  from  plate  end)  (105  /ibys., 
tapped  at  1/5  of  total  numberof  turns  from  plate 
end). 

3.5  Mc.  —  32  turns,  l^-*n.  diam.,  %-in.  long, 
tapped  at  11  turns  from  plate  end  (National 
AR80E  coil  with  24  turns  removed,  tapped  at 
11  turns  from  plate  end)  (26  ^hys.,  tapped  at 
11/32  of  total  numberof  turns  from  plate  end). 

7-Mc.  —  19  turns,  lj^-in.  diam.,  1-in.  long,  tapped 
at  8  turns  from  plate  end  (National  AR40E 
with  9  turns  removed,  tapped  at  8  turns  from 
plate  end)  (8.8  ^hys.,  tapped  at  8/19  total 
number  of  turns  from  plate  end). 

Note:  Li,  L2  and  Ls  wound  on  Millen  1-in.  diam. 
forms,  no  pins. 
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through  point  for  bringing  the  high-voltage 
lead  up  through  the  base  to  the  bottom  end  of 
the  choke. 

Small  components  are  then  placed  in  the 
nearest  available  remaining  open  spaces.  The 
National  R100U  r.f.  chokes  are  convenient 
for  mounting  in  restricted  space.  The  one 
fastened  on  one  of  the  mounting  screws  of  the 
6F6  socket  is  the  one  in  the  6F6  cathode  lead 
to  the  key,  while  the  one  to  the  side  of  the 
socket  is  the  plate-circuit  choke.  The  6L6 
plate-circuit  choke  is  next  to  the  6L6  plate  coil 
and  the  one  fastened  to  the  802  socket-mount- 
ing  screw  is  in  the  802  grid  circuit.  The  hori- 
zontally  mounted  choke  is  in  the  802  cathode 
circuit  and  the  end  toward  the  key  switch  is 
fastened  to  a  small  insulated  lug  strip,  the 
other  end  being  connected  directly  to  the 
cathode  terminal  of  the  socket. 

The  two  fixed  condensers,  C i  and  C2,  wbich 
look  like  resistors,  are  supported  by  their  leads 
connected  across  the  terminals  of  C3.  They  are 
braced  against  vibration  by  binding  together  at 
each  end  with  rubber  bands.  A  stiff  wire  sol- 
dered  to  the  lead  between  the  rotor  of  C 3  and 
the  top  of  Li  is  fastened  to  the  ends  of  the  con¬ 
densers  with  Duco  cement  to  provide  further 


Fig.  1012  —  Bottom  view  with  bottom  plate  removed 
showing  arrangement  of  components  under  the  chassis. 
The  removahle  top  and  bottom  plates  make  the  as- 
sembly  easy.  Shielded  single  conductor  is  nsed  for  the 
key -circuit  leads. 
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bracing.  Cy  is  supported  by  its  leads  between 

the  stator  terminal  of  C3  and  the  6F6  grid  ter¬ 
minal  at  the  socket.  C\ o  is  also  supported  by 
its  leads  between  the  top  of  the  oscillator  plate- 
circuit  choke  and  the  grid  terminal  of  the  6L6. 
Similarly,  Cu  is  suspended  between  the  stator 
terminal  of  C 7  and  the  grid  terminal  of  the  802 
socket,  passing  underneath  the  condenser  shaft 
but  spaced  from  the  chassis.  By-pass  condens¬ 
ers  are  tucked  in  wherever  space  may  be 
found  near  the  terminal  to  be  by-passed. 

The  high-potential  r.f.  wiring  may  be  done 
with  a  few  short  lengths  of  No.  14  wire.  All 
power  wiring  is  done  with  push-back  wire  laid 
close  to  the  chassis  and  cabled  along  one  side 
to  the  nine-pin  male  power-input  plug  mounted 
on  the  rear  wall  of  the  box.  Power  leads  for  the 
802  suppressor,  screen  and  plate  may  be 
brought  up  to  the  power-input  plug  but  should 
not  be  soldered  to  the  plug  until  preceding 
stages  have  been  tested. 

A  Standard  steel  panel,  7  by  8  inches  is  fast¬ 
ened  to  the  front  end  of  the  box.  C 4  and  the 
key-circuit  switch  are  mounted  in  the  lower 
corners.  The  key  jack  is  mounted  on  the  side 
of  the  box.  Shielded  single-conductor  wire 
should  be  used  for  all  key-circuit  wiring  from 
the  r.f,  chokes  to  the  key  jack  and  should  also 
be  used  for  the  external  wiring  from  the  plug 
to  the  key  to  prevent  r.f.  pick-up.  The  outside 
shield  is  used  for  the  grounded  side  of  the  cir¬ 
cuit.  Wiring  to  the  key  switch  and  jack  and  to 
the  power-input  plug  may  be  done  before  the 
unit  is  placed  in  the  box,  sothat  only  the  single 
connection  between  the  stator  of  the  vernier, 
C 4,  and  the  top  of  Li  need  be  made  after  the 
top  is  fastened  in  place.  After  the  top  has  been 
screwed  down,  an  inspection  of  the  edges 
should  be  made  to  make  sure  that  it  is  secure 
at  all  points.  Any  gaps  between  the  top  and  the 
box  should  be  closed  up  with  extra  screws  at 
the  proper  points. 

A  small  metal  scale  is  fastened  to  the 
mounting  collar  of  Cs  and  a  small  pointer  knob 
provided  so  that  this  condenser  may  be  re- 
turned  immediately  to  the  proper  setting  for 
each  of  the  two  output  bands.  The  shaft  of  C7 
is  turned  with  a  small  screwdriver  and,  once 
adjusted,  needs  no  further  attention  for  opera- 
tion  in  either  band.  Output  is  taken  directly 
from  the  link  terminals  on  the  plug-in  base  of 
Li. 


Timing 

If  dimensions  have  been  closely  followed,  no 
adjustment  of  the  tracking  taps  on  L3  and  Li 
should  be  required.  The  procedure  for  adjust- 
ing  for  3.5-  and  7-Mc.  output  will  be  described 
in  detail.  Adjustment  for  1.75-  and  3.5-Mc. 
output  with  the  coils  for  these  bands  is  carried 
out  in  a  similar  manner.  With  the  key  switch 
thrown  in  the  last  position,  placing  the  6F6 
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Fig.  1013  —  Top  view  of  power  supply  with  cover  removed.  All 
high-voltage  points  are  unexposed.  The  VR150’s  are  to  the  left  in 
back  of  the  volta  ge-divider  resistances  which  are  mounted  on  top 
for  ventilation. 


and  the  6L6  only  in  operation,  the 
plate  voltage  may  be  applied  with  the 
key  open.  This  should  produce  a  con- 
tinuous  signal  from  the  first  two  stages 
by  which  the  tuning  range  of  the  os- 
cillator  may  be  checked  with  a  re- 
ceiver.  Care  should  be  exercised  in 
distinguishing  the  signal  from  its 
image  on  a  superhet  or  from  blocking 
on  any  type  receiver  with  a  large  re- 
ceiving  antenna.  If  the  range  of  3500 
to  4000  kc.  is  not  covered,  it  will  be 
necessary  to  remove  a  turn  from  L\  if 
4000  kc.  is  not  reached,  or  to  add  a 
turn  if  3500  kc.  is  not  reached.  Plate 
current  to  the  6F6  should  run  at  ap- 
proximately  9  ma.  with  a  plate  vol¬ 
tage  of  300  and  screen  voltage  of  150. 

The  next  step  is  that  of  trimming 
up  the  plate  circuit  of  the  6L6.  This 
is  done  with  all  voltages  (except 
heater)  removed  from  the  802  and 
with  a  low-range  milliammeter  in  the 
external  grid  return  lead  to  ground. 

With  the  oscillator  set  at  or  about 
4000  kc.,  the  key  switch  is  set  at  the 
third  position  and  the  key  closed.  Ad- 
justing  the  6L6  plate  circuit  to  reso- 
nance  by  turning  C 7  with  a  screw- 
driver  should  produce  a  reading  of 
about  4  ma.  on  the  grid-current  meter.  The 
oscillator  should  then  be  tuned  to  3500  kc. 
and,  after  noting  carefully  the  setting  of  C 7, 
it  should  again  be  adjusted  for  maximum 
grid  current.  If  readjustment  of  C 7  at  3500 
kc.  produces  an  increase  of  grid  current  of 
more  than  1  ma.,  the  tap  on  L3  will  have  to  be 
readjusted.  It  should  be  moved  a  turn  toward 
the  plate  end  of  the  coil  if  an  increase  in  the 
capacity  of  C 7  is  necessary  to  restore  resonance; 
or  a  turn  in  the  opposite  direction  if  a  decrease 
in  the  capacity  of  C7  is  required.  At  resonance, 
plate  current  to  the  6F6  will  run  approximately 
15  ma.  at  plate  and  screen  voltages  of  300  and 
150,  respectively.  This  stage  is  not  keyed  and 
runs  continuously,  there  being  but  slight  dif- 
ference  in  the  plate  current  whether  the  key  is 
closed  or  open. 

Lining  up  of  the  802  stage  is  done  in  a  sim- 
ilar  manner  with  all  voltages  applied  to  the  802 
and  a  load  of  some  sort  coupled  to  the  output 
link.  Resonance  here  is  indicated  by  the  cus- 
tomary  dip  in  plate  current.  When  the  circuit 
is  tracking,  there  should  be  but  very  slight  dif- 
ference  in  the  setting  of  Cs  for  resonance  over 
the  entire  band.  After  the  tracking  for  3.5  Mc. 
has  been  adjusted,  the  7-Mc.  coil  may  be 
plugged  in  the  output  circuit.  In  this  case,  the 
circuit  need  track  only  between  7300  and  7000 
kc.,  of  course.  With  proper  coupling,  the  plate 
current  at  resonance  may  be  run  up  to  the 
rated  60  ma. 


Power  Supply 

A  proper  power  supply  is  of  utmost  impor- 
tance  if  chirpy  keying  and  changes  in  fre- 
quency  with  changes  in  line  voltage  are  to  be 
avoided.  The  power-supply  unit  pictured  in 
Figs.  1013  and  1015  has  been  designed  particu- 
larly  for  use  with  the  e.c.o.  exciter.  Referring 
to  the  circuit  diagram  of  Fig.  1014,  the  VR150 
regulator  tubes  provide  constant  voltages  of 
300  for  the  plates  of  the  6F6  and  6L6  and  150 
for  the  sereens  of  these  two  tubes.  Close  regu- 
lation  of  the  voltages  applied  to  the  802  is  not 
required.  Screen  and  suppressor  voltages  of 
approximately  250  and  100  respectively  are  ob- 
tained  from  the  voltage-divider  resistance  Ri. 
Precaution  against  the  pick-up  of  r.f.  through 
the  supply  line  or  power  supply  itself  or  leads 
to  the  r.f.  unit  has  been  taken  by  the  use  of 
an  r.f.  filter  in  the  input  line,  a  shielding  cover 
and  a  shielded  8-wire  cable  between  power- 
supply  and  r.f.  units.  A  milliammeter  and 
switch  are  provided  for  checking  the  various 
currents  and  signal  lamps  and  switches  for  the 
filament-  and  plate-supply  circuits.  The  shield 
of  the  cable,  connected  to  pin  No.  1,  is  used  for 
the  ground,  negative  high-voltage  and  one  side 
of  the  filament  circuit.  The  cable  plugs  into  a 
9-prong  Amphenol  female  outlet  set  in  one  end 
of  the  chassis.  Since  the  power-supply  has  a 
rating  of  250  ma.  and  the  total  current  drawn 
by  the  e.c.o.  unit  will  be  somewhere  between 
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Fig.  1015  —  Bottom  view  of  power  supply  showing  Iine-filter  and 
hash -filter  chokes  and  the  meter  switching.  The  terminal  at  the 
rear  of  the  chassis  is  for  extemal  connection  to  the  600-volt  line. 


100  and  125  ma.  at  full  load,  another  stage  re- 
quiring  100  to  150  ma.  at  600  volts  may  be 
operated  from  this  supply,  and  an  extemal 
terminal  for  this  purpose  has  been  provided 
at  the  rear  of  the  chassis. 

The  resistors  Rs,  Ri,  ftj,  R$  and  R 7  are  shunts 
for  the  30-ma.  meter.  Rn  and  Ri  are  multiply- 
ing  resistors  to  increase  the  range  of  the  meter 
to  90  ma.  for  measuring  the  802  plate  current 


and  to  240  ma.  for  measuring  the  cur¬ 
rent  in  the  lead  to  the  extemal  circuit. 
These  two  shunts  are  wound  on  a  short 
length  of  fibre  rod  M-in.  in  diameter 
with  copper  vrire,  following  the  pro¬ 
cedure  outlined  in  Chapter  17. 

At  some  sacrifice  in  voltage  regula- 
tion  of  the  supply  to  the  802  and  loss 
of  independent  control  of  filament  and 
plate  voltages,  a  suitable  supply  may 
be  built  at  a  lower  cost.  T 1  and  Ti 
may  be  replaced  by  a  single  combina- 
tion  transformer  delivering  600  volts 

а. c.  each  side  of  center,  200  ma.  for 
the  high-voltage  winding  and  having 

б. 3-volt,  3-amp.  and  5-volt  3-amp. 
windings  for  the  filaments.  A  suitable 
transformer  is  the  UTC-S41.  The  filter 
chokes  may  be  replaced  by  a  pair  rated 
at  120  ma.,  such  as  the  Thordarson 
T53C19,  and  the  866  Jr.  half-wave 
rectifiers  by  a  single  type  83  full- 

wave  rectifier.  Condenser  input  will  be  re- 
quired  and  a  double-unit  8-/ifd.,  450-volt  elec- 
trolytic  condenser  with  the  sections  connected 
in  series  may  be  used.  C 3  and  C\  may  be  re¬ 
placed  with  600-volt  8-pfd.  electrolytics.  The 
chassis  cover  may  in  many  cases  be  eliminated 
if  the  power  supply  is  kept  well  removed  from 
r.f.  fields.  The  hash-filter  chokes  may  be  dis- 
pensed  with  if  no  interference  from  rectifier 


type  326).  6  amp.  (UTC-S67). 
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hash  is  experienced,  although  they  are  good 
insurance  against  roughening  of  the  oscillator 
signal  from  this  source. 

Should  the  full  output  from  the  802  not  be 
required,  a  power  supply  of  considerably  lower 
voltage  might  be  used.  If  a  voltage  lower  than 
300  is  used,  the  voltage  regulator  tube  between 
the  screen  tap  and  ground  should  be  changed  to 
a  VR75.  (Bib.1.) 

•  TWO-TUBE  PLUG-IN  COIL  EXCITER 

In  the  two-tube  exciter  or  low-power  trans- 
mitter  shown  in  the  photographs  of  Figs.  1016, 
1017  and  1019,  a  6L6  oscillator  is  used  to  drive 
an  807  as  an  amplifier-doubler.  As  shown  in  the 
diagram  of  Fig.  1018,  a  Tri-tet  circuit,  which 
is  used  to  obtain  harmonie  output,  is  reduced 
to  the  simple  tetrode  circuit  for  oscillator  out¬ 
put  at  the  crystal  fundamental  by  short-cir- 
cuiting  the  cathode  tank  circuit.  Sufficiënt 
oscillator  output  at  the  fourth  harmonie  of  the 
crystal  frequency  is  obtainable  to  drive  the  807, 
which  may  be  operated  as  either  a  straight 
amplifier  or  frequency  doubler,  making  it 
possible  to  obtain  an  output  of  25  to  50  watts 
or  more  in  four  bands  from  a  single  crystal  of 
properly-chosen  frequency. 

The  exciter  is  constructed  in  a  manner 
which  conserves  vertical  panel  space  and  which 
renders  the  coils  and  tubes  readily  accessible 
for  change.  The  crystal  socket  is  at  the  front  so 
that  frequencies  within  a  band  may  be  changed 
without  the  necessity  for  going  to  the  rear. 

The  entire  unit  is  designed  to  operate  from  a 
single  250-ma.  supply  delivering  up  to  750 
volts  (see  Fig.  1110),  the  maximum  voltage  at 
which  the  807  is  designed  to  operate.  A  fixed 
bias  of  45  volts  is  required  for  the  807  and  the 
two  heaters  together  consume  1.8  amperes  at 
6.3  volts.  In  the  keying  system  shown,  both 
the  oscillator  and  amplifier  are  keyed  simul- 
taneously  in  the  common  cathode  lead.  If  pre- 


ferred,  the  fixed  bias  on  the  807  may  be  in- 
creased  to  90  volts  and  the  oscillator  circuit 
keyed  alone,  the  grid  leak  being  omitted  in 
this  case.  A  single  milliammeter  with  a  scale  of 
200  ma.  may  be  switched  to  read  the  plate  cur- 
rent  of  either  stage. 

T  aning 

Since  the  807  requires  no  neutralizing,  tuning 
the  exciter  consists  chiefly  of  selecting  the 
proper  coils  and  tuning  the  two  plate  circuits 
to  resonance.  Because  it  is  possible  to  doublé  or 
quadruple  frequency  in  the  plate  circuit  of  the 
oscillator  and  to  doublé  frequency  in  the  plate 
circuit  of  the  807  as  well,  there  are  several  pos¬ 
sible  combinations  of  coils  and  crystals  which 
will  produce  the  same  output  frequency.  How- 
ever,  much  better  efficiencies  are  obtainable 
when  operating  the  807  as  a  straight  amplifier, 
rather  than  doubling,  so  that  it  is  always  ad- 
visable  to  operate  the  output  stage  in  this 
manner  whenever  possible.  This  possibility 
occurs  in  all  cases  except  where  it  is  necessary 
to  obtain  output  at  the  eighth  harmonie  of  the 
crystal  frequency  —  14-Mc.  output  from  a 
1.75-Mc.  crystal  or  28-Mc.  output  from  a  3.5- 
Mc.  crystal.  The  accompanying  chart  will 
enable  the  operator  to  choose  at  a  glance  the 
combination  required  for  the  desired  output 
from  a  given  crystal.  It  also  indicates  the  posi- 
tion  in  which  STFi  should  be  thrown.  Always 
be  sure  that  the  crystal  frequency  chosen  is 
one  whose  harmonies  will  fall  in  the  band  in 
which  operation  is  to  take  place. 

With  the  proper  coils  and  crystal  in  place, 
jSWi  thrown  to  the  correct  position  and  both 
condensers  set  at  minimum  capacity  (100 
divisions  on  dial),  the  high-voltage  should  be 
applied  with  the  meter  switch  in  the  second 
position  where  it  will  read  plate  current  to  the 
807.  If  all  resistances  are  correct  and  the  plate 
voltage  750,  the  plate  current  should  run  ap- 


Fig.  1016  — -  The  two-tube  phig-in  coil  exciter  is  built 
to  conserve  space  in  the  relay  rack.  The  panel  is  3^  in. 
by  19  in.  A  clearancc  hole  is  cut  in  the  left  end  of  the 
panel  for  the  crystal  socket  which  is  mounted  in  the 

chassis  directly  above  the  cathode -circuit  switch.  The 

left-hand  dial  controle  the  tuning  of  the  oscillator  plate 


tank  circuit,  while  the  one  to  the  right  is  the  control  for 
the  output  tank  circuit.  The  switch  at  the  right-hand 
end  is  for  the  200-ma.  meter.  The  outer  ceramic  buttons 
used  in  providing  insulating  mountings  for  the  tank 
condenserB  are  the  only  thinge  appearing  on  top  of  the 
chassis. 
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COIL  AND  TUNLNG  TABLE  FOR  TWO-TUBE  PLUG-IN  COIL  EXCITER 

Xt  al 

Output 

Li 

CiLi 

C2i.3 

Band 

Band 

Band 

Band 

Band 

Ci* 

Ci* 

Mc. 

Mc. 

Me. 

Mc. 

Mc. 

1.75 

1.75 

Closed 

1.75 

1.75 

1.75 

10 

10 

1.75 

3.5 

Open 

1.75 

3.5 

3.5 

10 

30 

3.5 

3.5 

Closed 

3.5 

3.5 

3.5 

10 

30 

1.75 

7 

Open 

1.75 

7 

7 

20 

50 

3.5 

7 

Open 

3.5 

7 

7 

20 

50 

7 

7 

Closed 

7 

7 

7 

20 

50 

1.75 

14 

Open 

1.75 

7 

14 

20 

70 

3.5 

14 

Open 

3.5 

14 

14 

35 

70 

7 

14 

Open 

7 

14 

14 

35 

70 

3.5 

28 

Open 

3.5 

14 

28 

35 

80 

7 

28 

Open 

7 

28 

28 

75 

80 

*  Approx.  settings  for  Iow-frequency  ends  of  bands  with  dial  reading  zero  at  full  capacity  of  condensor. 


proximately  25  ma.  Now  close  the  key  and  turn 
the  oscillator  tank  condenser  to  the  approxi- 
mate  setting  given  in  the  accompanying  table 
and  watch  for  a  rise  in  amplifier  plate  current. 
When  this  occurs,  tune  the  oscillator  for  maxi¬ 
mum  amplifier  plate  current.  Do  not  hold  the 
key  closed  for  long  periods  under  this  condi- 
tion.  As  soon  as  the  peak  has  been  obtained, 
tune  the  amplifier  plate  tank  condenser  for 
resonance  as  indicated  by  a  pronounced  dip  in 
plate  current.  Should  the  points  of  response  on 
either  condenser  be  found  at  points  on  the 
scale  differing  appreciably  from  those  given  in 
the  table,  each  circuit  should  be  checked  with 
an  absorption  wavemeter  to  make  sure  that 
it  is  tuned  to  the  correct  frequency,  since  the 
ranges  covered  by  some  of  the  coils  include  odd 
harmonies  which  result  in  responses  outside 
the  amateur  bands.  Once  checked,  the  dial 
settings  can  be  logged  for  quick  resetting  to  the 
desired  frequency. 


Fig.  1017  — ■  The  4-prong  Boeket  for  the  cathode  coil, 
the  octai  for  the  6L6  oscillator  and  the  5-prong  Socket 
for  the  Coto  coils  used  in  the  output  tank  circuit  are 
sub-mounted  in  the  rear  edge  of  tbe  chassis.  The  mount- 
ing  for  the  National  AR  coils  used  in  the  oscillator  plate 
circuit  is  fastened  on  Bhort  cone  insulators,  while  the 
socket  for  the  807  is  sub-mounted  in  the  small  steel  parti- 
tion.  The  grid  r.f.  choke  and  screen  and  cathode  by-pass 


With  the  amplifier  tuned,  the  meter  switch 
may  now  be  thrown  to  the  first  position,  where 
the  meter  reads  oscillator  plate  current,  and 
the  oscillator  tank  circuit  tuned  for  minimum 
plate  current  consistent  with  satisfactory  key- 
ing.  Active  crystals  will  usually  oscillate  con- 
tinuously  in  the  Tri-tet  circuit,  regardless  of 
the  setting  of  the  tank  condenser.  When  the 
tetrode  circuit  is  in  use,  however,  the  circuit 
will  oscillate  only  so  long  as  the  plate  circuit  is 
tuned  within  relatively  narrow  limits.  SWi 
should  never  be  left  open  when  the  oscillator 
plate  circuit  is  tuned  to  the  crystal  frequency. 
The  plate  current  to  the  oscillator  will  be  found 
to  vary  widely  in  value,  depending  upon 
whether  output  is  taken  at  the  fundamental, 
second  harmonie  or  fourth  harmonie.  At  the 
specified  plate  voltage,  it  should  run  between 
40  and  50  ma.  at  resonance  with  the  plate  cir¬ 
cuit  tuned  to  the  crystal  fundamental  or  second 
harmonie.  When  tuned  to  the  fourth  harmonie, 


condensers  are  fastened  directly  to  the  socket.  Large 
clearance  holes  lined  with  grommets  are  provided  for 
passing  the  connections  through  the  chasBis  from  the 
oscillator  plate  coil  to  the  tank  condenser  and  for  the  807 
plate  lead.  A  pair  of  pin  jacks  serveB  as  the  link  output 
terminals  and  power-supply  connections  are  made  to  the 
Millen  strip  at  the  right  end. 
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the  plate  current  will  normally  run  between  85 
and  95  ma. 

Because  the  plate  and  screen  of  the  6L6  are 
operated  from  a  voltage  divider,  their  volt¬ 
ages  will  vary  considerably  with  conditions  of 
tuning.  Plate  voltage  will  vary  between  400 
and  450  except  when  operating  at  the  fourth 
harmonie  when  it  will  normally  fall  to  340 
volts  or  so.  The  screen  voltage  varies  simul- 
taneously  from  280  to  210  volts  or  so. 

The  tank  coils  for  the  output  circuit  are 
fitted  with  link  windings  for  coupling  to  a 
following  stage  with  link  input,  to  a  low- 
impedance  transmission  line  feeding  an  an¬ 
tenna  or  to  an  antenna  coupler.  In  most  cases, 
the  maximum  rated  dissipation  of  30  watts 
will  not  be  exceeded  in  loading  the  output 
circuit  until  the  807  draws  the  maximum 


rated  plate  current  of  100  ma.  However,  when 
doubling  frequency  in  the  output  stage,  the 
plate  current  should  be  limited  to  70  ma.  at  28 
Mc.  and  80  ma.  at  14  Mc.  and  to  90  ma.  when 
operating  the  807  as  a  straight  amplifier  at  28 
Mc.  Power  output  under  these  conditions 
should  average  40  to  55  watts  on  all  bands 
so  long  as  the  807  is  operated  as  a  straight 
amplifier.  When  doubling  frequency  in  the 
output  circuit  to  14  and  28  Mc.,  the  output 
will  normally  be  reduced  to  about  27  and  18 
watts  respectively. 

Amplifier  screen  voltage  will  normally  vary 
between  240  and  300  volts,  the  higher  values 
obtaining  when  quadrupling  in  the  oscillator. 

If  the  exciter  is  operated  from  a  power  sup- 
ply  of  lower  voltage,  the  power  output  will,  of 
course,  be  reduced  in  proportion.  In  such  a 


6L6G  807 


Ci  —  140-nnfd.  midget 
140M). 

Cs  —  150-aafd.  variable  (Cardwell  MR150BS). 

C>  —  100-afifd.  mica. 

C*  —  20-nafd.  mica. 

Cs,  Cb,  C7,  Cs,  Co,  C10  —  0.01-nfd.,  600-volt  paper. 

Cu  —  0.01-jdd.,  1000-volt  paper. 

C<  —  lOO-aiifd.  mica  (see  text). 

MA  —  Miiliammeter,  0-200-ma.  scale  (Triplett  Mod. 
227A). 

Ri  — 20,000  ohms,  1-watt. 

Rj  —  25,000  ohms,  2-watt. 

Rs  —  200  ohms,  2-watt. 

R«  —  10,000  ohms,  25-watt. 

Rb  —  3500  ohms,  25-watt. 

Re,  R7  —  15,000  ohms,  25-watt. 

Rs,  R»  —  1250  ohms,  50-watt. 

R10,  Ril  —  10  ohms,  1-watt. 

R.f.c.  —  2.5-mh.  r.f.  choke. 

SWi  — S.p.s.t.  toggle  switch. 

SWs  —  D.p.d.t.  rotary  switch  (Mallory  3222J). 

Li  —  1.75-Mc.  crystals  —  32  tums  No.  22  d.s.c.,  close- 
wound. 

3.5 -Mc.  crystals  — 10  tums  No.  22  d.s.c.,  1-in. 
long.  Note:  C«  connected  in  parallel  with  this 
coil;  mounted  in  form. 


7-Mc.  crystals  —  6 )/2  turns  No.  22  d.s.c.,  %-in. 
long. 

Above  coils  wound  on  Hammarlund  1  i'v-in.  diam. 
4-pin  forms. 

1*2  —  1.75  Mc.  —  56  tums,  1 34 -in.  diam.,  1%-in.  long, 
54  phys.  (National  AR80-no  link). 

3.5  Mc. — 28  turns,  1)4 -in.  diam.,  l)4-*n.  long, 

15  (jhys.  (National  AR40-no  link). 

7-Mc.  — 14  turns,  lj^-in.  diam.,  1)4 -in.  long,  4.2 
l*hys.  (National  AR20  —  no  link). 

14  Mc.  —  8  tums,  1)4 -in.  diam.,  l)4-in.  long, 
1.25  ahys.  (National  AR10  — -  no  link). 

28  Mc. — 4  turns,  lJ4-in.  diam.,  24-in.  long,  0.5 
nhy.  (National  AR10,  4  turns  removed  —  no 
link). 

Lb  —  1.75  Mc.  —  50  tums  lj^-in.  diam.,  2)dj-in.  long, 
52  ahys.  (Coto  Coil  CS6160E). 

3.5  Mc.  —  25  tums,  l)4-in.  diam.,  lfqj-in.  long, 

16  nhy 8.  (Coto  Coil  CS680E). 

7  Mc.  —  16  tums,  l}4-in.  diam.,  lj^-in.  long, 
5.7  nhys.  (Coto  Coil  CS640E). 

14  Mc.  —  8  tums,  1 34-ui.  diam.,  l^-in.  long,  1.5 
nhys.  (Coto  Coil  CS620E). 

28  Mc.  — 4  tums,  lJ'jj-in.  diam.,  l)4-in.  long,  0.7 
pbye.  (Coto  Coil  CS610E). 


Fig.  1018  —  Circuit  diagram  of  the  two-tube  plug-in  coil  exciter. 
Tariable  (Hammarlund  MC- 
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Fig.  1019 —  Spacc  inside  the  4- 
in.  by  17-in.  by  3-in.  chassis  has 
been  utilized  to  the  greatest 
extent  possible.  Rs  and  R9  are 
to  the  right  of  the  oscillator 
tank  condenser,  white  Ra,  Rs, 
Re  and  R7  are  mounted  to  the  rear 
of  the  meter.  The  oscillator  r.f. 
choke  and  grid  leak  are  fastened 
to  the  crystal  socket.  Connections 
between  the  crystal  socket  and 
cathode  switch  are  made  directly 
and  kept  well-Bpaced.  Meter- 
shunting  resistances  are  fastened 
to  the  meter  switch.  Both  tank- 
condenser  shafts  must  be  fitted 
with  insulated  couplingg  and 
panel  hearings. 


case,  it  may  be  of  advantage  to  alter  somewhat 
the  values  of  resistance  specified  for  the  voltage 
dividers  in  order  to  increase  the  voltages  on 
the  oscillator  plate  and  screen  and  also  that  of 
the  screen  of  the  807.  With  a  600-volt  supply, 
R  8  and  Rg  should  be  changed  to  1000  ohms 
each  and  Ri  to  20,000  ohms  and  Rb  to  10,000 
ohms.  Power  output  will  average  30  to  35 
watts  with  the  807  operating  as  a  straight 
amplifier.  (Bib.  $.) 

•  A  BAND-SWITCHING  EXCITER  WITH 

807  OUTPUT 

The  exciter  or  Iow-power  transmitter  pic- 
tured  in  Figs.  1020,  1021  and  1023  is  designed 
for  flexibility  in  being  adaptable  to  all  bands 
from  1.75  to  28  Mc.,  with  crystals  cut  for  dif¬ 
ferent  bands,  and  also  for  quick  band  changing 
over  three  bands.  It  consists  of  a  6C5  triode 
oscillator  followed  by  two  triode  doubler 
stages  in  one  tube,  a  6N7;  by  means  of  a 
switch,  the  output  of  any  of  the  three  stages 
can  be  connected  to  the  grid  of  the  final  tube, 
an  807  beam  tetrode.  A  band-switching 


plug-in  coil  assembly  changes  tank  coils  in  the 
807  plate  circuit.  The  circuit  diagram  is  given 
in  Fig.  1022. 

The  oscillator,  first  and  second  doubler  plate 
coils,  L\,  Li  and  L3  respectively,  need  not  be 
changed  for  crystals  ground  for  a  given  band. 
The  switching  circuit  is  so  arranged  that  the 
grids  of  unused  stages  are  automatieally  dis- 
connected  from  the  preceding  stage  and 
grounded  so  that  excitation  is  not  applied  to 
the  idle  tubes. 

Capacity  coupling  between  stages  is  used 
throughout.  The  plates  of  the  first  three  stages 
are  parallel-fed  so  that  the  plate  tuning  con- 
densers  can  be  mounted  directly  on  the  metal 
chassis.  The  6C5,  6N7  and  the  807  screen  all 
operate  from  a  250-volt  supply.  Series  feed  is 
used  in  the  807  plate  circuit,  the  tank  con¬ 
denser  being  of  the  type  which  is  insulated 
from  the  chassis.  Fixed  bias  of  about  50  volts 
is  used  on  the  807  grid. 

Sockets  are  provided  for  seven  crystals, 
with  a  switch  to  select  the  desired  frequency. 
Plate  eurrents  for  all  tubes  and  screen  current 
for  the  807  are  read  by  a  200- 
ma.  meter  which  can  be  switched 
to  an-y  circuit  by  means  of  1S4. 

Keying  is  in  the  oscillator 
cathode  circuit  for  break-in  op- 
eration.  Since  in  normal  opera- 
tion  the  crystal  tank  circuit, 
C\Li,  is  tuned  well  on  the  high- 
frequency  side  of  resonance, 
there  is  a  tendency  for  the  first 
doubler  section  to  break  into  a 
tuned-grid  tuned-plate  type  of 
oscillation  when  the  key  is  up; 
this  is  prevented  by  a  small 
amount  of  inductive  neutraliza- 
tion  provided  by  the  single- 
turn  coils  Lb  and  L6,  wound  as 
closely  as  possible  to  the  ground 
end  of  each  tank  coil.  The  28- 
Mc.  coil  does  not  need  such  a 


Fig.  1020  —  An  807  exciter  or  low-power  transmitter  combining  the 
flexibility  of  plug-in  coils  with  the  convenience  of  band-switching.  Crystal 
switching  and  meter  switching  also  are  provided. 
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Fig.  1021  —  Top  view  of  the  band-switching  excitcr,  with  coils  re- 
moved.  A1I  tank  circuit  wiring  is  above  the  chassis.  Insulated  leads 
connect  the  first  two  sockets  to  complete  the  neutralizing  circuit  de- 
scribed  in  the  tcxt. 


neutralizing  winding  since  it  is  used 
only  in  the  second  doubler  stage. 

Li  and  L6  should  be  connected  in 
such  a  way  as  to  prevent  self- 
oscillation  of  the  first  6N7  section 
when  the  key  is  open;  the  proper 
connections  can  be  determined  by 
trial. 

The  above-chassis  layout  is 
shown  in  top-view  photograph, 

Fig.  1021.  Along  the  back,  from 
left  to  right,  are  the  spare  crystal 
socket,  the  6C5  and  the  6N7.  Di- 
rectly  in  front  of  them  are  the 
sockets  for  the  three  low-level 
plate  coils,  L\,  L2  and  L3.  The 
sockets  are  mounted  above  the 
chassis  on  metal  pillars.  The  three 
tuning  condensers,  C\,  C2  and  C 3, 
are  mounted  in  front  of  their  associated  coils, 
and  are  fastened  directly  to  the  chassis.  The 
“hot”  leads  from  the  coils  come  down  through 
grommetted  holes  in  the  chassis,  underneath 
the  sockets;  grounds  to  the  coils  are  made 
direct  to  the  chassis,  on  top. 

In  the  amplifier  section,  the  switch  assembly 
is  at  the  extreme  right,  with  the  807  and  tun¬ 
ing  condenser,  Ca,  just  to  its  left.  The  switch 
assembly  should  be  mounted  far  enough  back 


of  the  panel  so  that  the  coils  will  clear  the 
sides  of  the  relay  rack  or  cabinet;  this  clearance 
will  depend  upon  the  type  of  rack  used.  It  is 
desirable,  of  course,  to  keep  the  leads  between 
C 4  and  the  switch  as  short  as  possible,  consid- 
ering  the  clearances  which  must  be  observed. 

The  chassis  is  8  by  17  by  2  inches,  the  2- 
inch  depth  being  used  so  that  the  height  of  the 
unit  will  be  within  the  8  M-inch  relay-rack 
panel  size. 


Fig.  1022  —  Circuit  diagram  of  the 
Ci,  C2,  C3  —  100-«ifd.  variable  (National  ST-100). 

C4 — 150-wifd.  variable,  0.05"  spacing  (Hammarlund 
HFB-150-C). 

C{,  Ca,  C7  —  0.002  -^fd.  mica,  500-volt. 

Cb,  Co,  Cio  —  100-^fd.  mica,  500-volt. 

C11  —  0.002-jdd.  mica,  2500-volt. 

C12-C17,  inc.  — 0.01-^fd.  paper,  600-volt. 

Ri  —  10,000  ohm»,  lij-watt. 

R2  —  300  ohms,  1-watt. 

R3,  B4  —  25,000  ohms,  J4-watt. 

R5— Ro,  inc.  —  25  ohms,  hé-watt. 

RFC  —  2.5-mh.  r.f.  choke. 

Si  —  Ceramic  wafer  switch,  6  or  more  points. 

82  —  Three -gang,  three-position  ceramic  wafer  switch 

(Yaxley  163C). 

S3  —  Band-switch  with  coil  mountings  (Coto  type  700). 

84  -  Two-gang,  6-position  (5  used)  ceramic  wafer 

switch. 

M  — 0-200  d.c.  milliammeter,  bakelite  case. 


807  band-gwitching  exciter. 

Li,  L2,  L3  — 1.75  Mc.:  50  turns  No. 22  d.s.c.  close-wound. 

3.5  Mc.:  26  turns  No.  18;  length  134  inches. 

7  Mc.:  17  turns  No.  18;  length  1)4  inches. 

14  Mc.:  8  turns  No.  18;  length  134  inches. 

28  Mc.:  3  turns  No.  18;  length  1  inch. 

All  on  134-inch  diameter  forms  (Hammarlund 
SWF-4);  turns  spaced  evenly  to  fill  specified 
winding  length. 

Li  —  1.75  Mc.  —  50  turns,  134-in.  diam.,  2%-in.  long, 
52  phys.  (Coto  Coil  CI6160E). 

3.5  Mc.  — 25  turns,  134-in.  diam.,  1%-in.  long,  16 
!<hys.  (Coto  Coil  CI680E). 

7  Mc.  —  16  turns,  lJ4-in,  diam.,  11^-in.  long,  5.7 
uhys.  (Coto  Coil  CI640E). 

14  Mc.  —  8  turns,  134-in-  diam.,  1%-in.  long,  1.5 
ahys.  (Coto  Coil  CI620E). 

28  Mc.  —  4  turns,  1 1 2‘in-  diam.,  l}4-in.  long,  0.7 
uhys.  (Coto  Coil  CI610E). 

Ls,  I.a  —  One  turn  at  bottom  of  Li  and  L2.  See  text. 
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Fig.  1023  —  Bottom  view  of  the  band-switching  exciter,  showing  the  multiple 
crystal  mounting  and  awitching  circuits. 


In  the  bottom  view,  Fig.  1023,  the  meter 
switch  with  its  shunting  resistors  is  at  the  left, 
with  the  807  plate  by-pass  eondenser,  Cu,  just 
above  it.  The  stage  switch,  $2,  is  in  the  center. 
R.f.  leads  to  this  switch  should  be  kept  sep- 
arated  as  much  as  the  layout  will  permit. 
R.f.  junction  points  are  insulated  by  smal] 
ceramic  pillars.  In  this  view,  the  right-hand 
section  of  the  6N7  is  the  first  doubler.  The 
rotor  contact  of  the  section  of  S2  nearest  the 
panel  goes  to  the  grid  of  the  first  doubler,  the 
middle  section  to  the  second  doubler  grid,  and 
the  third  section  to  the  807  grid. 

The  multiple  crystal  mounting  is  a  3  by 
4  J^-inch  aluminum  plate  fitted  with  Am- 
phenol  crystal  sockets,  the  assembly  being 
mounted  from  the  chassis  by  metal  pillars. 
Six  crystals  may  be  mounted  permanently 
here;  the  seventh  socket  is  on  top  of  the  chas¬ 
sis  for  spare  crystals  or  for  bringing  in  excita- 
tion  from  an  e.c.o.  The  crystal  switch  is  in  the 
lower  right  corner. 

The  750-volt  lead  is  brought  in  through  a 
Millen  safety  terminal  on  the  rear  edge  of  the 
chassis.  All  other  power  connections  co  me  to 
a  Millen  five-terminal  strip  with  barriers  be- 
tween  terminals  to  prevent  accidental  contact. 

All  grounds  are  made  directly  to  the  chassis. 

Tuning 

To  operate  the  exciter,  coils  for  consecu- 
tively  higher-frequency  bands  are  plugged  in 
at  Li,  L2  and  L3;  only  five  are  necessary  for 
operation  with  any  crystals  from  1.75  to  7 
Mc.  and  for  output  from  1.75  to  28  Mc.  For 
example,  with  3.5-Mc.  crystals,  the  3.5-,  7- 
and  14-Mc.  coils  would  be  plugged  in  at  L\, 
L<i  and  L3  respectively.  For  1.75-Mc.  crystals, 
the  1.75-,  3.5-  and  7-Mc.  coils  would  be  used, 
and  so  on.  The  plate  coils  for  the  807  circuit 
should  cover  the  same  three  bands  as  the  low- 
level  coils. 


Preliminary  tuning 

should  be  done  with 
the  plate  voltage  for 
the  807  disconnected. 
Set  <S>2  so  that  all  tubes 
are  in  use.  Switch  the 
milliammeter  to  the 
oseillator  circuit  and 
close  the  key.  Rotate 
C 1  for  the  dip  in  plate 
current  which  indi- 
cates  oscillation.  The 
non-oscillating  plate 
current  should  be  be- 
tween  20  and  25  ma., 
dropping  to  15  or 
20  when  oscillating. 
Switch  the  meter  to 
the  doubler  plate  and 
adjust  C 2  to  minimum 
plate  current,  or  resonance.  The  off-reso- 
nance  plate  current  should  be  about  30  ma. 
or  more  and  the  reading  should  be  between 
10  and  15  at  resonance.  Check  the  second 
doubler  plate  current  and  tuning  similarly; 
the  off-resonance  plate  current  should  again 
be  around  30  ma.,  dropping  to  15  or  20  at 
resonance.  At  this  point  the  807  screen  current 
should  be  measured;  with  too  much  excitation 
it  will  be  considerably  higher  than  the  rated 
value  (about  12  ma.)  and  the  excitation  should 
not  be  kept  on  for  more  than  a  second  or  two. 

Next,  the  plate  voltage  may  be  applied  to 
the  807.  The  amplifier  should  not  be  operated 
without  load  for  more  than  a  few  moments  at  a 
time,  because  under  these  conditions  the  screen 
dissipation  is  excessive.  Use  a  70-ohm  dummy 
antenna  or  60  watt  lamp  connected  to  the 
output  link.  The  three  bands  may  be  checked 
in  order  by  appropriate  switching  of  £2  and 
<83.  With  the  807  fully  loaded,  check  the  screen 
current  to  make  sure  it  does  not  exceed  10  or 
12  ma.  If  it  is  too  higji,  reduce  the  excitation 
by  detuning  the  crystal  oseillator  until  it 
reaches  the  proper  value.  The  807  grid  current 
may  be  measured  with  a  lower-range  milliam¬ 
meter  connected  in  series  with  the  bias  source, 
if  desired.  Maximum  output  will  be  secured 
with  a  grid  current  of  about  3  or  4  milli- 
amperes,  a  value  which  also  will  give  about 
rated  screen  current.  The  screen  current,  in 
fact,  is  a  very  good  indicator  of  excitation. 
The  807  should  show  no  tendency  to  oscillate 
by  itself  when  the  key  is  open. 

The  current  to  each  section  of  the  6N7 
should  be  20  ma.  with  the  key  open  (no  exci¬ 
tation).  If  the  two  currents  are  not  the  same  or 
show  changes  with  tuning  of  C2  and  Ci  with 
key  open,  the  first  doubler  may  be  acting  as  a 
t.p.t.g.  oseillator  as  previously  mentioned,  and 
the  neutralizing  circuit  should  be  checked.  Do 
not  use  more  than  250  volts  for  the  low-voltage 
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Fig.  1024 —  The  100-175-watt  traus- 
mitter-exciter.  Controls  from  left  to  right 
are  for  the  oscillator,  douhler  and  final 
amplifier.  The  chassis  is  17  in.  by  8  in.  by 
3  in.  and  the  Presdwood  panel  19  in.  by 
z3/i  in.  The  Controls  are  1  %  in.  above  the 
bottom  of  the  panel  and  the  two  outer 
Controls  2  in.  in  from  the  edges  of  the 
chassis  or  3  in.  from  the  panel  edges.  The 
cry  stal -osei  llator  tube  and  plate  coil  are 
to  the  left,  the  doubler  plate  coil  to  the 
left  of  tbe  6L6  doubler  and  the  change- 
over  plug-in  fonn  at  the  rear. 


supply,  as  higher  values  will  cause  excessive 
807  screen  dissipation.  Care  also  should  be 
taken  to  avoid  excessive  excitation  for  the 
same  reason.  In  normal  operation,  with  C\ 
detuned  to  reduce  excitation  to  the  proper 
value,  the  doubler  plate  currents  will  show 
little  change  between  resonance  and  off- 
resonance  tuning. 

With  maximum  input  to  the  807  plate  (75 
watts)  the  output  is  approximately  50  watts  on 
all  bands  except  28  Mc.,  where  greater  circuit 
losses  decrease  it  to  about  40  watts.  The  ex¬ 
citation  is  more  than  ample  on  all  bands. 

The  low-voltage  power  supply  should  de- 
liver  250  volts  at  approximately  75  ma.,  and 
the  high-voltage  supply  750  volts  at  100  ma. 
(See  Fig.  1110.)  A  45-volt  battery  may  be 
used  to  bias  the  807. 

•  100-TO-175-WATT  TRANSMITTER  OR 

EXCITER 

The  circuit  of  this  unit  is  shown  in  Fig.  1026. 
The  tube  line-up  consists  of  a  6L6  tetrode 
crystal  oscillator,  a  6L6  frequency  doubler  and 
a  final  amplifier  which,  in  this  case,  employs  a 
type  HY51Z.  The  arrangement  is  suitable, 
however,  for  almost  any  triode-amplifier  tube 


operating  at  plate  voltages  between  750  and 
1000  volts  in  which  the  plate  connection  is  at 
the  top  of  the  tube  and  the  grid  terminal  is  in 
the  base. 

Output  at  either  the  crystal  frequency  or  the 
second  harmonie  is  readily  obtainable.  The 
complication  of  neutralizing  the  second  stage 
when  operating  at  the  crystal  frequency  is 
eliminated  by  cutting  this  stage  out  of  use. 
This  is  accomplished  by  means  of  a  “dummy” 
plug-in  form  which  serves  as  a  low-loss  switch. 
Capacities  suitable  for  coupling  the  final- 
amplifier  grid  to  the  output  of  either  the  os¬ 
cillator  or  the  doubler  are  mounted  inside  the 
“dummy”  plug-in  forms  and  connected  as 
shown  in  the  insert  in  the  circuit  diagram. 

Most  of  the  constructional  details  will  be 
evident  from  an  inspection  of  the  photographs 
of  Figs.  1024  and  1025.  The  coils  for  the  os¬ 
cillator  and  frequency  doubler  are  wound  on 
Hammarlund  lj^-inch  diameter  plug-in  forms, 
while  those  for  the  final  amplifier  are  wound 
on  National  XR-10A  ceramic  forms  which  plug 
into  the  XB-15  jack  base  mounted  on  the 
chassis.  All  tank  condensers  are  mounted  un- 
derneath  the  chassis.  The  final-amplifier  tank 
condenser  Cg  is  mounted  by  means  of  angle 


Fig.  1025  —  Bottom  view  of 
100-175-watt  transmitter.  The 
mica  plate-circuit  blocking  con- 
densers  C4  and  Cs  are  sccn  at  the 
rear  of  the  two  amall  tank  con¬ 
densers.  The  resistors  at  the  left- 
center  are  the  two  screen  voltage 
dividers.  The  neutralizing  con¬ 
denser  is  in  front  of  the  1IY51Z 
Socket  and  the  plate-circuit  r.f. 
choke  next  to  the  tank  condens¬ 
er.  Ce  is  fastened  to  the  front 
end  plate  of  the  tank  condenser. 
The  terminals  are  pin-jack  type 
mounted  on  small  angles  bebind 
the  slot  in  the  rear  edge  of  the 
chassis.  The  positive  high-voltage 
terminal  is  a  special  safety  type. 
The  final  tank  condenser  is  fitted 
with  an  insulated  flexible  shaft 
coupling  and  a  hearing  for  the 
shaft  extension  is  set  in  the  panel. 
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brackets  on  four  %-inch  cone  insulators  whioh 

bring  the  shaft  V/g  inches  above  the  lower  edge 
of  the  chassis  and  level  with  the  shafts  of  the 
other  two  tank  condensers  which  are  shaft-hole 
mounted  on  the  front  edge  of  the  chassis.  The 
shaft  of  C3  is  fitted  with  an  insulated  flexible 
coupling  and  a  hearing  is  set  in  the  front  edge 
of  the  chassis  for  the  extension.  Large  clearance 
holes  are  cut  in  the  panel  for  the  shaft  bushing 
of  C3  and  the  mounting  nuts  of  the  other  two 
condensers.  The  dial  plates  are  held  in  place  by 
cementing  them  to  the  panel  with  Duco  ce¬ 
ment. 


The  SOöket  of  the  final-amplifier  tube  is  set 
about  an  inch  below  the  surface  of  the  chassis 
on  long  machine  screws  to  bring  the  plate 
terminal  down  closer  to  the  tank-coil  terminal. 
A  pair  of  fibre  lug  strips  supports  the  voltage- 
divider  resistances  for  oscillator  and  doubler 
screen  voltages.  Other  resistances  and  chokes 
are  self-supported. 

Connections  between  the  final  tank  coil  and 
condenser  are  made  through  feed-through  in¬ 
sulators  set  in  the  chassis.  The  neutralizing 
condenser,  which  may  be  seen  in  front  of  the 
final  tube  Socket,  is  mounted  on  spacers.  A 
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Fig.  1026  ~  Circuit  diagram 
Ci  —  100  RMfds.  (National  ST-100.) 

C2 — 100  /i/ifds.  (National  ST-100.) 

C3  —  180  aefds.  per  section,  0.05-in.  spacing  (Cardwell 
MO-180-BD.) 

C4  —  0.001  /ifd.  mica,  600  v. 

Cs  —  500  pafds.  mica,  600  v. 

Ce  — •  0.001  efd.  mica,  600  v. 

C7  —  50  M/ifds.  mica,  600  v. 

Cb  — 150  inifds.  mica,  600  r. 

C9  —  0.002  /ifd.  mica,  5000  v.,  Cornell-Duhiiier. 

C10  —  Neutralizing  condenser,  0.07 -in.  spacing,  Card¬ 
well  Trim-Air,  ZT-15-AS. 

C11  — 0.01  afd.  paper,  600  v. 

Rl  —  0.1  meg.,  1-watt. 

R2  —  400  ohms,  1-watt. 

R3  —  0.1  meg.,  1-watt. 

R4  —  2500  ohms,  10-watt. 

R5  —  50,000  ohms,  2-watt. 

Re  —  10,000  ohms,  10-watt. 

R7  —  6000  ohms,  10-watt. 

Rs  —  50,000  ohms,  2-watt. 

RFCi  —  National  R-100  r.f.  chokes,  2.5  mh. 

RFC2  —  National  R154U  r.f.  choke,  1  mh. 

Mi  —  Oscillator  cathode  milliammeter. 

M2  — —  Doubler  cathode  milliammeter. 

M3  —  Final-amplifier  grid  milliammeter. 

M4  —  Final-amplifier  cathode  milliammeter. 


100-  to  175-watt  transmitter. 

Li-L  (Coils  interchangeable). 

1.75  Mc.  — 60  turns  No.  22  enam.,  l)^-in.  diam.,  close 
wound. 

3.5  Mc.  —  30  turns  No.  22  enam.,  134-in.  diam.,  1  )/2-in. 
long. 

7  Mc.  — 15  turns  No.  22  enam.,  lh£-in.  diam.,  1  %-in. 
long. 

14  Mc.  —  8  turns  No.  16  enam.,  l)/£-in.  diam.,  1%-in. 
long. 

28  Mc.  —  3  turns  No.  12  wire,  lH-in.  diam.,  self-sup- 
porting  mounted  on  small  banana-type  plugs. 
Adjust  spacing  to  tune  to  resonance  near  mini¬ 
mum  of  C2. 

L3-I.75  Mc.  —  40  turns  No.  18, 2  J^-in.  diameter  wound 
on  bakelite  tuhiug  form  to  fit  mounting. 

3.5  Mc. —  30  turns  No.  14,  2J^-in.  diam.,  3^-in.  long 
wound  on  form  to  fit  mounting. 

7  Mc.  —  16  turns  No.  14  bare,  2p£-in.  diam.,  3-in.  long 
with  1-in.  space  at  renter  (National  XR-IOA 
form,  start  each  half  of  winding  one  hole  from 
end). 

14  Mc.  — 12  turns  No.  14  bare,  234-in.  diam.,  3J^-in. 
long  (National  XR-10A  form,  turns  wound  in 
alternate  grooves). 

28  Mc.  —  6  turns  No.  14  hare,  2J^-in.  diam.,  3k2-'n. 
long  (National  XR-10A  form,  turns  wound 
every  4th  turn). 
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Fig.  1027  —  Front  panel  view  of  the  compact  250-watt 
transmitter  showing  position  of  controle.  The  oscillator  plate 
timing  control  is  below  the  crystal  switch  in  the  Iower  left-hand 
corner.  The  Presdwood  panel  is  10J4  in.  high  and  of  Standard 
19-in.  rack  width. 


clearance  hole  in  the  chassis  permits  the 
shaft  to  protrude  a  half-inch  or  so  above 
the  chassis  so  that  it  may  be  adjusted 
with  a  screwdriver. 

All  terminals  for  external  connections, 
excepting  that  for  the  positive  1000-volt 
connection,  are  of  the  pin-jack  type. 

The  strips  are  mounted  on  small  angle 
pieces  behind  a  slot  cut  in  the  rear  edge 
of  the  chassis.  Insulated  pin  jacks  are 
used  to  make  connections  and  leave  no 
exposed  metal  contacts.  Separate  connec¬ 
tions  are  provided  for  meter  and  key 
connections  as  shown  in  the  diagram. 

When  working  at  the  crystal  frequency, 
the  “dummy”  unit  with  connections 
shown  in  the  detail  of  Fig.  1026  at  A 
should  be  plugged  in;  if  operating  at 
twice  the  crystal  frequency,  the  other 
“dummy”  unit  will  be  used. 

Two  plate  supplies  are  required,  one 
delivering  400  volts,  150  ma.  for  the 
6L6’s  and  the  other  for  the  final  ampli- 
fier.  The  HY51Z  requires  1000  volts, 

175  ma.  at  maximum  rated  input.  A 
45-volt  battery  should  be  provided  for  fixed 
bias  for  the  doubler  and  final  amplifier. 
When  the  oscillator  is  driving  the  final  am¬ 
plifier,  the  cathode  current  should  dip  to 
about  50  ma.  at  resonance;  when  driving  the 
doubler,  it  should  run  in  the  neighborhood  of 
30  ma.  The  doubler  cathode  current  normally 
runs  between  65  and  100  ma.  at  resonance 
when  driving  the  final,  the  higher  currents  oc- 
curring  at  the  higher  frequencies. 

Grid  current  to  the  final  amplifier  (HY51Z) 
should  run  between  30  and  40  ma.  on  all  bands 
exeept  when  operating  at  28  Mc.  with  a  14-Mc. 
crystal  when  the  grid  current  may  fall  to  25 
ma.  with  the  amplifier  loaded.  These  values 
should  indicate  sufficiënt  excitation.  The  am¬ 
plifier  may  be  loaded  until  the  cathode  current 
reaches  200  to  225  ma.  at  resonance.  The  dif- 
ference  between  cathode  and  grid  currents 
should  not  exeeed  175  ma.  Operating  condi- 
tions  for  other  tubes  may  be  taken  from  the 
tube  tables  of  Chapter  20. 

The  output  circuit  is  designed  for  link 
eoupling  to  an  antenna  tuner.  Where  the  space 
is  available,  the  link  may  be  wound  between 
the  turns  of  the  tank-coil  winding;  otherwise, 
it  may  be  wound  self-supporting  and  placed 
inside  the  coil  form.  The  number  of  link  turns 
for  proper  loading  will  depend  upon  the  an¬ 
tenna  System  and  must  be  determined  ex- 
perimentally. 

•  COMPACT  250-WATT  TRANSMITTER 

The  photographs  of  Figs.  1027,  1028  and 
1030  show  various  views  of  a  multi-band  trans¬ 
mitter  capable  of  handling  250  watts.  Output 
may  be  obtained  at  the  second  and  fourth  har¬ 


monie  frequencies  as  well  as  the  fundamental 
frequency  of  the  crystal.  Referring  to  the  cir¬ 
cuit  diagram  of  Fig  1029,  a  6V6  Tri-tet  oscilla¬ 
tor  operating  with  300  volts  on  the  plate  and 
150  on  the  screen  furnishes  adequate  excitation 
for  the  807  buffer-doubler.  The  final  amplifier 
makes  use  of  a  75T  in  this  instance,  although 
the  layout  is  satisfactory  for  other  tubes  of 
similar  rating  and  terminal  arrangement. 
Parallel  feed  is  used  in  the  oscillator  circuit  to 
permit  grounding  the  tank  condenser. 

Instead  of  the  usual  air  variable  condenser 
for  the  cathode  tank  condenser  C\,  a  mica 
trimmer-type  condenser  is  mounted  in  each  of 
the  plug-in  cathode  coils  L\  and  thus  this  tun- 
ing  control  is  eliminated.  To  obtain  a  satisfae- 
tory  impedance  match  between  the  plate  cir¬ 
cuit  of  the  807  and  the  high-impedance  grid 
circuit  of  the  75T,  it  is  necessary  to  tap  the 
plate  of  the  807  down  on  the  tank  coil.  Should 
another  type  be  used  in  the  final  amplifier,  a 
different  eoupling  adjustment  may  be  required 
for  maximum  excitation.  An  amplifier  with  a 
low-impedance  grid  may  require  tapping  the 
amplifier  grid  down  on  the  driver  tank  coil  in¬ 
stead  of  the  driver  plate.  Since  a  high-voltage 
connection  is  made  to  the  rotors  of  the  split- 
stator  condenser,  a  well  insulated  shaft  cou- 
pling  is  required. 

Screen  voltage  for  the  doubler  is  obtained 
from  a  separate  voltage  divider  to  reduce 
fluctuations  in  oscillator  plate  voltage  with 
tuning  of  the  807.  In  this  stage,  as  well  as  in  the 
oscillator  plate  circuit,  the  tank  condenser 
specified  has  a  sufficiënt  capaeity  range  to  per¬ 
mit  covering  two  adjacent  bands  without  coil 
changing.  This  is  a  thoroughly  practical  and 
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Flg.  1028  —  Tlie  final  plate 
tank  condenser  of  the  250-watt 
transmitter  ia  inaulated  from  the 
chassis  by  button-type  feed- 
through  insulatora  at  front  and 
rear.  It  should  be  placed  as  far  to 
the  rear  of  the  chaeais  ae  possible 
with  its  ahaft  on  a  line  3  in.  from 
the  edge  of  the  chassis.  The  tank- 
coil  strip  is  supported  by  sraall 
stand-off  inaulators  on  a  strip  of 
Preadwood  faatened  to  tbe  con- 
denaer  frame.  The  neutralizing 
condenser  ia  in  front  of  tbe  75T. 
The  mica  condenser  Cs  ia  fastened 
to  the  tank-condenser  end  plate 
and  the  coupling  condenser  C7  is 
supported  hy  a  small  stand-off  at 
the  rear  of  the  buffer  tank  con- 
denaer.  The  latter  ia  mounted  on 
%-in.  cone  inaulators  with  spacers 
and  brackets  to  bring  the  shaft  up 
level  with  that  of  the  final  tank 
condenser.  The  buffer  coil  aocket 
ia  mounted  on  top  of  the  con¬ 
denser.  The  crystal  switch  is 
mounted  on  the  panel  at  the  cen¬ 
ter  of  the  socket  assembly. 


convenient  method  of  band-changing  between 
1.75  and  3.5  and  between  3.5  and  7  Mc.  The 
L/C  ratio  becomes  so  low  in  covering  7  to  14 
Mc.  and  14  to  28  Mc.,  however,  that  high  cir- 
culating  tank  currents  cause  excessive  coil 
heating,  except  at  very  low  power,  unless  un- 
usually  heavy  coils  are  used.  In  this  instance, 
separate  coils  for  14  and  28  Mc.  are  recom- 
mended  for  the  buffer-doubler  stage. 

The  condenser  spacing  specified  for  Ci 
is  conservatively  adequate  for  100  per  cent 
modulation  at  1500  volts.  The  condenser  pro- 
vides  adequate  capacity  for  all  bands  including 
the  1.75-Mc.  band.  (If  the  Johnson  coil  de- 
signed  for  this  band  is  used,  a  single-section 
fixed  air  padding  condenser  connected  directly 
across  the  tank  coil  will  be  required.  Thispadder 
should  have  an  air  gap  of  0.125  inch  and  a 
capacity  of  80  ppfd.;  the  Cardwell  type 
JD80-OS  or  a  similar  condenser  should  be  satis- 
factory.)  For  a  lowest  frequency  of  7  Mc.,  a 
tank  condenser  of  100  ppfd.  per  section  with 
the  spacing  specified  could  be  used.  (Johnson 
100ED30.) 

Series  plate  feed  was  found  to  be  essential 
in  the  final  amplifier  because  no  available  r.f. 
choke  was  found  adequate  at  28  Mc.  If  opera- 
tion  is  to  be  confined  to  a  highest  frequency  of 
14  Mc.,  there  is  no  reason  why  parallel  plate 
feed  may  not  be  used  and  the  tank  condenser 
mounted  directly  upon  the  chassis. 

Keying  and  Metering 

The  diagrams  of  Fig.  1031  show  the  terminal 
arrangement  and  connections  for  either  oscilla- 
tor  or  buffer-doubler  keying.  The  latter  is 
recommended  whenever  break-in  operation  is 


not  required.  Keying  of  the  buffer-doubler 
eliminates  the  necessity  for  a  source  of  fixed 
bias  for  the  807  and  invariably  results  in  supe¬ 
rior  keying  characteristics. 

It  will  be  noticed  that  the  plate  meters  are 
placed  in  the  negative  return  leads  for  the  pur- 
pose  of  reducing  danger.  These  meters,  of 
course,  read  total  space  current  which  includes 
grid  and  screen  currents  as  well  as  plate  cur¬ 
rent.  The  former  are  low  enough  to  be  of  little 
consequence  in  all  hut  the  final  stage.  Here  the 
grid  current  should  be  subtracted  from  the 
plate-meter  reading  to  obtain  the  true  plate 
current. 

As  mentioned  previously,  each  of  the  cath- 
ode  tank-coil  forms  is  fitted  with  an  adjustable 
mica  padder.  The  type  of  condenser  specified 
is  a  dual-range  affair.  For  our  purpose,  the  two 
sections  should  be  connected  together.  This  is 
done  by  connecting  the  two  adjacent  terminal 
tabs  together.  Since  it  would  be  difficult  to  pass 
both  wires  for  the  ends  of  the  coil  and  connect¬ 
ing  wires  for  the  condenser  through  the  same 
pins  in  the  coil  form,  a  separate  pair  of  pins  is 
used  for  each  purpose  and  the  appropriate 
socket  prongs  connected  together  so  that  the 
condenser  is  connected  across  the  coil  when  it 
is  plugged  into  its  socket.  In  mounting  the  con¬ 
denser  in  the  coil  form,  a  piece  of  fairly  stiff 
wire  (the  No.  22  with  which  the  coils  are  wound 
will  do)  about  6  inches  long  should  be  soldered 
to  each  condenser  terminal  and  the  leads  pulled 
out  straight  and  the  insulation  scraped  off 
from  all  but  the  last  2  inches  or  so  nearest  the 
condenser.  The  leads  may  then  be  fished  down 
through  the  appropriate  pins  in  the  form, 
pulled  tight  and  soldered  fast. 
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Crystal  Mounting 

The  crystal  mounting  is  made  from  a  strip  of 
3^6-infih  aluminum  3  inches  wide  and  15  inches 
long.  Starting  at  one  end  of  the  strip,  lines  are 
marked  across  the  strip  at  ^  inch,  inches, 
2%  inches,  inches,  5  J4  inches,  6^8  inches, 
7 Yi  inches,  81%e  inches,  9%  inches  and  1434 
inches  from  the  end.  Longitudinal  lines  are  then 
drawn  the  length  of  the  strip  34  inch,  2  34  2 


inch  and  1%6  inches  from  each  edge.  This  will 
serve  to  mark  the  centers  of  all  required 
mounting  and  clearance  holes  for  the  Harnmar- 
lund  crystal  sockets.  The  mounting  screws 
take  a  No.  33  hole  and  the  clearance  holes  are 
^{g-inch  diameter.  After  the  holes  have  been 
drilled,  the  strip  is  bent  at  the  J4-ineh,  534- 
inch,  954-inch  and  1434-mch  lines  which  are 
scratched  deeply  to  assist  in  the  bending. 


F'ig.  1029 — -Circuit  diagram  of  the  250-watt  transmitter. 


Cl  —  260  nafds.  mai.  mica  trimmer- 
type  cathode  tuniug  con- 
denser  (mounted  in  coil 
form,  sce  text)  (Hammar- 
lund  CTS-160). 

Ca  —  250  iifitda.  max.  midget  vari- 
able  (llammarlund  MC- 
250M). 

C3  —  260  tifiida.  max.  plate  spacing 
0.03  in.  (Cardwell  MR260- 
BS). 

C4  —  200  aafds.  max.  per  aection. 


plate  spacing  0.075  in. 
(Johnson  200ED30)  (see 
text  suggestions  for  higher 
frequency-bands). 

Cs  —  0.001-jifd.  mica,  500  volts. 

Cs  —  0.0001-afd.  mica,  500  volts. 

C7  —  0.0001-jifd.  mica,  2500  volts 
(Aerovox). 

Cs  —  0.001-afd.  mica,  5000  volts 
(Aerovox). 

C»  —  Neutralizing  condenser  (Na- 
tional  NC800). 


C10  —  0.01-afd.  paper,  600  volts. 
Ri — 0.1 -meg.,  1-watt,  non-induc- 
tive  (not  marked). 

F2  —  50,000  ohms,  1-watt,  non- 
inductive  (see  text). 

R3  —  10,000  ohms,  2 -watt. 

Rs  —  10,000  ohms,  10-watt. 

Rs  —  10,000  ohms,  25-watt. 

Rs  —  30,000  ohms,  10-watt. 

R7  —  15,000  ohms,  10-watt. 


RFCi  —  Receiving-type  r.f.  choke,  2.5  mh.  (National  or 
llammarlund). 

RFCa  —  Transmitting-type  r.f.  choke  (National  R- 
154U). 

S  —  11-point  tap  switch  (Mallory  type  1311L). 

Ti  —  Filament  transformer,  6.3  v.,  2  a.  (Thordarson 
type  T19F81). 

Ta  —  Filament  transformer,  5  v.,  8  a.  (Thordarson  type 
T19F84). 

Li  —  1.75-Mc.  crystal  —  30  turns  No.  22  enam.,  134  in. 
diam.,  turns  close-wound. 

3.5-Mc.  crystal  —  10  turns  No.  22  enam.,  1J4  in. 
diam.,  1  in.  long. 

7-Mc.  crystal — 7  turns  No.  22  enam.,  1*4  in. 
diam.,  1  in.  long. 

L2  — ■  1.75  to  3.5  Mc.  —  30  turns  No.  22  enam.,  1)4  in. 
diam.,  1  in.  long. 

3.5  to  7  Mc.  — 18  turns  No.  22  enam.,  1)4  in. 
diam.,  1 J4  in.  long. 

7  to  14  Mc.  —  8  tums  No.  22  enam.,  1)4  in. 
diam.,  1J£  in.  long. 

L3  —  1.75  to  3.5  Mc.  —  Barker  &  Williamson  type  M-80 
with  15  turns  removed,  tapped  at  10th  turn 
from  the  plate  end.  Inductance  —  27  phy.  Coil 
sarae  as  La  may  be  substituted.  Tap  at  approxi- 
mately  8th  turn  from  plate  end. 

3.5  to  7  Mc.  —  B&W  type  M-40  with  8  tums  re- 
moved,  tapped  at  5th  turn  from  plate  end. 
Inductance  —  8  ahy.  Coil  same  as  La,  tapped 


at  6th  turn  from  plate  end  may  he  substituted. 

14  Mc.  —  B&W  type  M-20,  tapped  at  3rd  tam 
from  plate  end.  Inductance  —  2.8  phy.  Coil  of 
10  turns,  1)4  in.  diam.,  1  )4  in.  long,  tapped  at 
3rd  turn  from  plate  end  may  be  substituted. 

28  Mc.  —  B&W  type  M-10,  1  turn  removed, 
tapped  1  turn  from  plate  end.  Inductance  — 
0.6  phy.  Coil  of  4  tums,  1  )4  in.  diam.,  1  *4  in. 
long,  tapped  at  1  turn  from  plate  end  may  be 
substituted. 

Ls  —  1.75  Mc.  —  Johnson  type  684  coil.  (Note:  This 
coil  requires  additional  padder  condenser  as 
mentioned  in  text.)  Coil  of  50  turns  No.  18  d.c.c., 
234  in.  diam.,  4  in.  long  including  34-in.  space 
at  center  may  be  substituted,  and  will  not 
require  padder. 

3.5  Mc.  —  Johnson  type  663  coil.  Coil  of  34  turns 
No.  16,  2  }4  in.  diam.,  4  in.  long  including  34-in. 
space  at  center  may  be  substituted. 

7  Mc.  — •  Johnson  type  662  coil.  Coil  of  20  tums 
No.  12,  234  iu.  diam.,  4  in.  long  including  34-io. 
space  at  center  may  be  substituted. 

14  Mc.  —  Johnson  type  661  coil.  Coil  of  10  turns 
No.  12,  234  in.  diam.,  3  in.  long  including  34-in. 
space  al  the  center  may  be  substituted. 

28  Mc. — -Johnson  type  660  coil.  Coil  of  6  turns 
No.  12,  2M  in.  diam.,  334  in.  long  including 
34-in.  space  at  the  center  may  he  substituted. 

Note:  Spaces  above  are  for  link  windings. 
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The  1 1-point  crystal  switch  is  wired  to  the 
sockets  before  mounting  in  the  panel  in  a  hole  4 
inches  from  the  left  edge  of  the  panel  and  4H 
inches  up  from  the  bottom  edge  to  balance  the 
shaft  of  the  tank  condenser  of  the  final  am- 
plifier. 

Bias  in  g  Requirements 
The  807  requires  90  volts  of  fixed  bias  if  the 
oscillator  is  to  be  keyed  for  break-in  operation 
and  the  75T  requires  approximately  150  volts 
for  plate-current  cut-off  with  excitation  re- 
moved  and  300  volts  under  recommended 
operating  conditions.  If  batteries  are  used,  the 
biasing  is  simply  a  matter  of  connecting  a 
4000-ohm  leak  in  series  with  the  negative- 
terminal  connection  of  150  volts  of  battery  to 
the  grid  return  circuit  of  the  75T  and  tapping 
the  807  grid  return  on  at  90  volts.  However,  a 
bias  pack  will  be  more  practical  in  most  in- 
stances.  The  pack  should  preferably  be  one 
delivering  any  voltage  from  175  to  300  volts.  If 
the  voltage  does  not  exceed  300  volts,  nothing 
more  than  a  10,000-ohm  bleeder  will  be  re- 
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quired  to  make  it  satisfactory,  An  r,f,  choke 

should  replace  Ri  and  the  return  connected  to  a 
point  about  %  of  the  way  up  on  the  bleeder 
from  the  positive  end.  The  lower  end  of  the 
choke  should  be  by-passed  to  the  chassis  with  a 
0.01-nfd.  condenser. 

If  the  voltage  of  the  pack  exceeds  300  volts, 
the  bleeder  should  have  a  resistance  of  about 
3000  ohms  per  100  volts  and  should  be  pro- 
vided  with  three  sliders  for  adjusting  the  bias¬ 
ing  voltages  under  operation.  One  slider  should 
short-circuit  a  portion  of  the  negative  end  of 
the  resistor  while  the  other  two  provide  bias 
taps  for  the  807  and  final.  For  initial  trial,  tap 
the  return  of  the  final  amplifier  at  about  6000 
ohms  and  the  807  at  about  3500  ohms  from  the 
positive  end  with  the  third  slider  set  at  the 
extreme  negative  end. 

If  the  buffer-doubler  is  to  be  keyed,  the  grid 
leak  R2  is  connected  through  the  meter  to 
ground  and  no  fixed  bias  is  required  for  this 
stage. 

T  uning 

From  the  accompanying  coil  table,  it  will  be 
seen  that  a  separate  cathode  tank  is  required 
for  crystals  of  each  frequency  band  from  1.75 
to  7  Mc.  Each  oscillator  plate  tank  coil  is  de- 
signed  to  cover  two  adjacent  bands  for  con- 
venience  in  changing  bands.  Only  two  coils,  the 
first  and  last,  need  be  wound  if  frequent  change 
between  3.5  and  7  Mc.  is  not  required.  Like- 
wise,  in  the  buffer-doubler  stage,  each  of  the 
two  lowest-frequency  coils  covers  two  bands. 
All  of  these  are  required,  however,  if  all  bands 
are  to  be  covered,  A  separate  coil  for  each  band 
is  required  for  the  final  amplifier. 

Several  coil  and  tuning  combinations  are 
possible  for  most  output  frequencies.  The  os¬ 
cillator  will  doublé  frequency  as  well  as  the 
doubler  itself,  so  that  it  is  possible  to  go  to 
7-Mc.  output  from  a  1.75-Mc.  crystal,  14  Mc. 
from  a  3.5-Mc.  crystal  or  to  28  Mc.  from  a 
7-Mc.  crystal.  The  table  shows  various  com- 


Fig.  1030  —  The  oscillator  plate  tank 
circuit  of  the  250-watt  transmitter  is 
mounted  in  the  space  at  the  center  of  the 
three  sockets.  The  6L6  and  cathode-coil 
sockets  are  toward  the  front.  The  sockets 
for  the  807  and  75T  are  dropped  an  inch 
or  so  below  the  top  of  the  chassis  in  long 
8crew8  with  spacers.  The  6. 3 -volt  filament 
transformer  is  mounted  near  the  807 
socket  and  the  5-volt  transformer  at  the 
right.  The  pin-jack  type  terminal  strip 
is  mounted  on  small  angles  behind  a  long 
slot  cut  in  the  rear  edge  of  the  chassis. 
The  jack-top  feed-through  is  the  positive 
1500-volt  terminal.  It  should  be  pro- 
tected  with  a  rubber-tubing  sleeve  after 
connection  has  been  made.  The  chassis  is 
10  in.  by  17  in.  by  3  in. 
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BUFFER-DOUBtER  KEVING 

Fig.  1031  —  Terminal  and  meter  connectione  for  the  250-watt 
transmitter,  for  oscillator  keying  or  for  buffer-doubler  keying. 


binations  which  may  be  used.  Cer- 
tain  combinations  should  be  selected 
(such  as  those  marked  with  an  aster¬ 
isk)  until  the  operator  is  thoroughly 
familiar  with  the  transmitter.  Later, 
it  will  be  a  simple  matter  to  swing  the 
exciter  from  one  band  to  another  with 
the  most  appropriate  coils  in  place. 

With  a  set  of  suitable  coils  plugged 
in,  Ci  and  C 3  should  be  turned  near 
minimum  or  maximum  capacity,  de- 
pending  upon  the  frequency  desired 
in  these  circuits.  Make  certain  that  the 
crystal  switch  is  turned  to  connect  in 
the  desired  crystal  and  turn  the  ad- 
justing  screw  of  the  cathode-circuit 
condenser  as  far  as  possible  in  a  clock- 
wise  direction.  The  filament  supply, 
the  bias  pack  and  the  600-volt  plate 
supply  may  now  be  turned  on  in  that 
order.  If  the  key  is  in  the  oscillator  cir¬ 
cuit  (recommended  for  initial  test), 
none  of  the  meters  should  indicate 
current  fiow  with  the  key  open.  With 
the  key  closed,  the  oscillator  plate  cur¬ 
rent  should  be  20  to  30  ma.  if  the  cir¬ 
cuit  is  not  oscillating,  dropping  to  about 
15  ma.  when  oscillating.  Adjusting 
the  oscillator  plate  tank  condenser 
should  cause  a  slight  dip  in  oscillator 
plate  current  and  a  high  swing  in  plate 
current  to  the  807  at  some  point.  If 
this  is  not  obtained  at  any  setting  of 
Ci,  the  oscillator  plate  current  will  probably  be 
running  high.  With  the  key  closed,  the  adjust¬ 
ing  screw  of  the  cathode  condenser  should  be 
turned  slowly  counterclockwise  until  the  oscil¬ 
lator  plate  current  takes  a  sudden  drop.  Tuning 
the  plate  condenser  should  then  develop  two 
points  where  plate  current  will  fiow  to  the  807, 
one  near  maximum  capacity  of  Ci  and  one  near 
minimum  capacity.  If  only  the  former  is  found, 
a  turn  or  so  should  be  removed  until  both  are 
found.  If,  on  the  other  hand,  only  the  one  near 
minimum  is  found,  a  turn  or  two  should  be 
added.  The  key  should  be  closed  only  for  short 
intervals  until  the  tank  circuit  of  the  807, 
L3C3,  is  tuned  to  resonance  as  indicated  by  a 
dip  in  plate  current. 

Adjusting  the  Cathode  Tank 

Now  tune  the  plate  circuit  of  the  oscillator 
to  the  second  harmonie  of  the  crystal  fre¬ 
quency,  making  sure  that  a  coil  tuning  to  this 
harmonie  frequency  or  doublé  this  harmonie 
frequency  is  in  the  plate  circuit  of  the  807. 
(In  the  case  of  3.5-Mc.  crystals,  either  coil 
covering  7  Mc.  will  do.)  Tune  the  plate  cir¬ 
cuit  for  maximum  807  grid  current  and  then 
adjust  the  cathode  condenser  also  for  maxi¬ 
mum  grid  current.  Any  grid  current  value 

between  2  and  5  ma.  should  be  satisfactory. 


With  the  oscillator  cathode  circuit  tuned  cor- 
rectly,  the  ofi-resonance  plate  current  of  the 
807  will  run  between  125  and  150  ma.,  drop¬ 
ping  to  60  to  100  ma.  at  resonance,  depending 
upon  frequency.  If  the  oscillator  plate  circuit 
is  tuned  to  the  crystal  funda mental,  it  should 
not  be  tuned  too  close  to  resonance  to  permit 
ready  starting  and  stopping  of  crystal  oscilla- 
tion.  Tuning  the  807  plate  circuit  to  resonance 
should  cause  grid-current  fiow  to  the  final 
amplifier.  This  current  should  run  between  35 
and  50  ma.,  depending  upon  frequency. 

The  final  amplifier  is  neutralized  and  tuned 
as  described  in  Chapter  14.  With  a  1500-volt 
plate  supply,  no  difixculty  should  be  experi- 
enced  in  lighting  the  150-watt  lamp  dummy 
load  to  more  than  norinal  brilliancy  on  all 
bands. 

Checking  Voltages  and  Currents 

With  the  final  amplifier  running  with  the 
lamp  dummy  load,  various  voltages  and  cur¬ 
rents  should  be  checked.  The  voltage  of  the 
plate  supply  for  the  exciter  should  be  as  close 
to  600  as  possible.  The  voltage  dividers  recom¬ 
mended  will  then  provide  voltages  close  to  the 
following  values:  oscillator  plate,  300  v.;  oscil¬ 
lator  screen,  150  v.;  807  screen,  300  v. 

A  check  should  be  made  on  the  biasing  volt- 
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Fig.  1032  —  A  450-watt  push-pull  ampli- 
fier  of  disb-type  construction  Buitable  for 
812’s,  T55’b,  35T’s,  808’s,  RK51’e,  HY51’s, 
HK154’s  or  otber  tubes  of  similar  style 
operating  at  plale  voltages  of  1000  to  1500. 
Tbe  meter  switch  is  at  the  right,  the  control 
for  the  plate  tank  condenser  al  the  center 
and  the  grid-circuit  control  at  the  lefl.  The 
panel  which  is  by  19  in.  is  fitted  with 
panel  hearings  for  the  condenser-shaft  exten- 
sions.  It  is  fastened  to  the  chassis  by  ilat-hcad 
screws  aftcr  the  bottom  edges  of  tbe  chassis 
have  been  drillcd  and  tapped. 


age  for  the  75T  together  with  its  grid  current 
while  operating  under  full  load.  The  biasing 
voltage  should  be  not  less  than  300  with  a  grid 
current  of  not  less  than  25  ma.  If  the  voltage  is 
300  or  higher  but  the  grid  current  less  than  25 
ma.,  the  slider  on  the  bias-pack  voltage  divider 
should  be  moved  slightly  towards  the  positive 
end  of  the  resistor  until  grid  current  is  up  to 
normal.  Under  operation,  grid  voltage  for  the 
807  should  be  200  to  250.  Grid  current  at  this 
voltage  should  run  2  to  5  ma.  Corrections  may 
be  made  by  adjustment  of  the  slider  on  the 
biasing  resistor.  lf  it  is  now  found  that  the 
biasing  voltage  with  the  key  open  is  insuffi¬ 
ciënt  to  cut  off  plate  current,  the  slider  at  the 
negative  end  of  the  biasing  resistor  should  be 
advanced  until  plate  current  is  cut  off.  Biasing 
should  again  be  checked  under  operating  con- 
ditions  and  readjustments  made  if  required.  It 
is  preferable  that  these  biasing  adjustments  be 
made  at  the  highest  frequency  to.  be  used. 


Final-amplifier  grid  current  at  the  lower  fre- 
quencies  may  then  be  held  to  a  maximum  of  30 
ma.  by  tuning  of  the  oscillator  plate  tank  cir¬ 
cuit.  In  cases  where  the  807  is  keyed  and  grid- 
leak  bias  only  is  used,  any  grid  current  between 
3  and  8  ma.  should  give  satisfactory  perform¬ 
ance. 

In  the  tests  which  were  run  at  28  Mc.,  the 
manufactured  coil  developed  considerable  heat 
when  allowed  to  operate  continuously  for  ap- 
preciable  periods.  This  is,  of  course,  rather  to 
be  expected  with  coils  wound  on  solid  forms 
when  operated  at  the  higher  frequencies.  Al- 
though  less  convenient,  those  who  wish  highest 
efficiency  will  probably  prefer  a  self-supporting 
coil. 

In  coupling  to  the  antenna,  the  best  method 
will  depend  upon  the  type  of  antenna  system  to 
be  used.  The  coupling  coil  of  the  Johnson  tank 
coil  is  suitable  for  coupling  directly  into  any  un- 
tuned  line  of  impedance  up  to  600  ohms.  When 


Fig.  1 033  —  The  plate  tank -coil 
jack  strip  of  the  450-watt  push- 
pull  amplifier  is  fastened  to  the 
tank -condenser  frame  with  strip- 
metal  brackets.  The  assembly, 
raounted  on  % -in.  stand-ofT  in- 
sulators  is  placed  at  the  center  of 
the  chassis  as  far  to  the  left  as 
possible.  The  condenser  sbaft  is 
extended  at  right  angles  through 
the  hearing  in  the  center  of  the 
chassis  by  means  of  two  Millen 
45-degrec  shaft  joints  connected 
together  by  a  short length of  bake- 
lite  shafting.  The  sockets  for  tbe 
812’s  are  sub-mounted  on  the 
6-by-8-in.  partition  3 ]’2  inches  up 
from  the  chassis  and  inches 
from  each  ed  re  and  areorientated 
•othst  ui' pistes  of  the  tubes  will 
be  in  a  ve.  Oca*  ilanc  when  in  use. 
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Fig.  1034  —  Wirin  g  dia  gram  of  the  450-watt  push- 
pull  amplifier. 

Ci  —  100  Mufds.  per  section  (Ilammarlund  MCD- 
100M). 

C2  —  100  mi! dg.  per  section  (Cardwcll  MT100GD), 

0.07 -in.  sparing. 

Ca  —  500  aafds.  mica,  600-volt. 

C< —  Neutralizing  condenser  (Hammarlund  N10). 

Cs  —  0.01 -afd.  paper,  600-volt. 

Ce  —  0.002-afd.  mica,  5000-volt.  0  ; 

R,  Ri  —  Grid  leak,  6000  ohms,  10  watts.  I 

R2  —  Grid-current  meter  shunt,  25  to  50  ohms,  2- 
watt. 

R3  —  Same  as  R2. 

R4  — ■  Cathode-current  meter  shunt.  See  text. 

Rs  —  Same  as  R4. 

Li  —  National  AR  series  coils  with  center  link  (vari- 
able-link  type  recommended). 

Substitute  coils  may  be  wound  on  1  J^j-in.  diameter 
forms  as  follows: 

3.5  Mc.  —  44  turns,  2  in.  long. 

7  Mc.  — -22  turns,  2  in.  long. 

14  Mc.  —  10  turns,  1  Yi  in.  long. 

28  Mc.  —  6  turns,  1 in.  long. 

L2  —  Barkcr  and  WilliamBon  TL  Bcries  with  center  links. 
Substitute  coils  may  be  wound  as  followg: 

3.5  Mc.  —  36  turns,  2J^-in.  diam.,  4  in.  long. 

7  Mc.  —  18  turns,  2*4-in.  diam.,  4  in.  long. 

14  Mc.  —  10  turns,  2%-in.  diam.,  3  in.  long. 

28  Mc.  —  6  turns,  2  diam.,  3  in.  long. 

SW  —  Mallory  2-gang,  6  position  switch. 

Filament  transformers  —  6.3  v.,  6  a.  to  fit  under  chassis. 


coupling  into  a  tuned  line,  a  separate  antenna 
tank  of  series  tuner  should  be  provided  and  link 
coupling  used  between  the  final  tank  circuit 
and  the  antenna  tank  or  series  tuner.  (Bib.  3.) 

•  COMPACT  450-WATT  PUSH-PULL 

AMPLIFIER 

The  photographs  of  Figs.  1032,  1033,  1035 
and  1036  show  an  amplifier  designed  along  the 
lines  of  the  type  of  construction  often  referred 
to  as  “dish-type.”  This  type  of  construction 
has  many  advantages,  although  its  use  is 
normally  confined  to  components  of  moderate 
physical  dimensions  and  weight. 

The  tank  coils  may  be  mounted  so  that  very 
little  metal  of  the  normal  rack  structure  is  in 
the  immediate  fields  of  the  tank  coils  —  a  con- 
dition  almost  impossible  to  approach  in  the 
usual  form  of  construction  with  metal  panels 
and  side  brackets.  Plug-in  coils  are  made  much 
more  accessible  for  changing  and  the  direction 
of  “pull”  in  removing  coils  is  outward  away 
from  the  rack  rather  than  upward  into  the  next 
rack  unit  above.  Terminals  may  be  mounted  so 
that  the  wiring  between  rack  units  may  be 
made  inconspicuous  and  so  that  the  chances  of 
personal  injury  from  accidental  contact  with 
exposed  terminals  at  the  rear  are  greatly  re- 
duced.  Lastly,  this  form  of  construction  usually 
reduces  the  required  height  of  the  unit  which  is 
a  particular  advantage  in  table  racks  where 
vertical  space  is  at  a  premium. 

Individual  Meter  iné 

The  circuit  of  the  amplifier  shown  in  the  dia¬ 
gram  of  Fig.  1034  is  Standard  in  every  way 


Transmitter  Construction 


except  in  the  method  of  metering  where  a  de- 
parture  is  made  from  usual  practice.  By  means 
of  the  two-gang  six-position  switch,  it  is  possi- 
ble  to  measure  the  individual  grid  and  cathode 
currents  of  each  tube  as  well  as  total  grid 
or  total  cathode  currents.  To  accomplish 
this,  two  small  filament  transformers  are 
used,  one  for  each  tube,  instead  of  a  single  large 
transformer.  The  meter  is  switched  across 
shunting  resistances  in  each  circuit  to  simplify 
switching.  The  shunting  resistances  in  the  grid 
circuits  are  not  critical  in  value  so  long  as  they 
are  not  less  than  20  times  the  resistance  of  the 
100-ma.  meter.  Meter  resistance  usually  runs 
between  0.25  and  1  ohm  in  the  100-ma.  size  so 
that  resistances  of  25  ohms  or  so  will  have  no 
practical  effect  upon  the  meter  reading.  In  the 
cathode  circuits,  the  shunting  resistors  should 
be  carefully  adjusted  to  provide  a  scale  multi- 
plication  of  ten.  The  full-scale  readings  when 
the  meter  is  shifted  to  the  cathode  circuits  will 
then  be  1000  ma.  These  resistances  in  each  case 
should  be  one-ninth  of  the  resistance  of  the 
meter  used.  Those  shown  in  the  photograph 
were  made  with  No.  22  enamelled  copper  wire 
wound  on  ]4."  diameter  rods  of  insulating  com- 
position.  The  total  length  of  wire  required  for 
each  of  the  resistances  is  about  three  feet. 
The  exact  length  can  be  determined  quite  eas- 
ily  by  experiment,  as  described  in  Chap.  17. 

Wiring 

In  doing  the  r.f.  wiring,  care  should  be  taken 
to  keep  it  as  symmetrical  as  possible.  In  form- 
ing  the  long  wires  between  the  neutralizing 
condensers  and  the  tank-condenser  stators,  the 
lengths  should  be  made  identical.  The  wire 
connecting  to  the  rear  condenser  stator  should 
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go  directly  in  a  straight  line,  while  the  one  go- 
ing  to  the  front  stator  section  may  be  bent  to 
make  up  for  the  difference  in  distanee  between 
the  neutralizing  condensers  and  the  two  sta¬ 
tors.  The  plate  leads  to  the  tube  should  be 
tapped  on  these  long  wires  at  points  which  will 
make  the  wire  length  between  neutralizing 
condenser  and  plate  and  between  tank  con- 
denser  and  plate  equal  on  each  side. 

The  positive  high-voltage  lead,  run  inside 
the  chassis  with  high-voltage  cable,  comes  up 
through  a  feed-through  insulator  near  the  plate 
choke. 

The  rotors  of  the  grid  tank  condenser  are  not 
grounded  since  experience  has  shown  that  an 
amplifier  of  this  type  usually  neutralizes  more 
readily  without  the  ground  connection  and  ex- 
citation  usually  divides  more  evenly  between 
the  two  tubes. 

The  leads  from  the  neutralizing  condensers 
to  the  grid  terminals  are  crossed  over  before 
they  pass  through  small  feed-through  points 
mounted  in  the  partition.  The  grid  r.f.  chokes 
are  self-supporting  between  the  tube  grid  ter¬ 
minals  and  feed-through  points  in  the  chassis 
which  carry  the  biasing  leads  inside  to  the  in- 
dividual  grid  leaks.  Filament  wires  are  run 
through  holes  lined  with  rubber  grommets. 

Inside  the  chassis,  the  leaks  and  meter- 
shunting  resistances  are  supported  on  fibre  lug 
strips.  The  leads  going  to  the  switch  should 
be  soldered  in  place,  formed  into  cables  and 
the  other  ends  connected  to  the  switch  on  the 
panel  as  the  last  operation  before  putting  the 
panel  in  place.  The  panel  is  fastened  to  the 
chassis  with  six  8-32  flat-head  machine  screws 
after  holes  have  been  drilled  and  tapped  in  the 
folded  edges  of  the  chassis. 

If  the  layout  and  wiring  have  been  followed 
carefully,  no  diffieulties  should  be  encountered 
in  neutralizing  nor  with  parasitics.  Both  grid 
and  plate  currents  should  check  the  same 
within  10  per  cent. 

The  meter  when  switched  to  read  grid  cur- 


Fig.  1035  —  The  grid-circuit  components  of  the  450- 
watt  amplifier  are  mounted  on  this  side  of  the  partition 
which  is  braeed  by  Standard  5-in.  triangular  braekets. 
The  tank  condenser  is  mounted  by  means  of  a  screw  in 
the  hole  which  remains  when  tbe  shield  between  the 
stators  is  removed.  The  ceraniic  terminal  strip  is  for  all 
external  connections  except  for  positive  high  voltage  for 
which  a  special  safety  terminal  is  provided.  A  large 
clearance  hole  should  be  cut  in  the  chassis  for  the  con¬ 
denser  shaft.  The  shaft  should  come  at  the  center  line  of 
the  chassis. 

rent  forms  a  good  neutralizing  indicator.  Both 
neutralizing  condensers  should  be  kept  at  equal 
settings  and  adjusted  simultaneously  until  the 
grid  current  remains  perfectly  steady  as  the 
plate  tank  is  tuned  through  resonance.  When 
not  neutralized,  there  will  be  a  pronounced  dip 
in  grid  current  at  resonance.  Neutralizing  is 
always  done  with  plate  voltage  removed. 

The  amplifier  requires  a  driver  delivering  25 
to  40  watts.  The  807  exciters  of  Figs.  1018  and 
1022  should  prove  adequate. 

If  the  amplifier  is  to  be  protected  with  fixed 


Fig.  1036  —  The  individual  filament 
transformers  are  small  enough  to  be 
mounted  inside  the  chassis.  Grid  leaks  and 
meter-shunting  resistances  are  mounted 
between  fibre  lug  strips.  The  shaft  of  the 
grid  tank  condenser  is  fitted  with  an  in- 
sulating  coupling.  Meter-switch  leads  are 
cabled  and  connection  to  the  switch  made 
just  before  the  panel  is  fastened  to  the 
8  in.-by-17  in.-by-3  in.  chassis. 
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bias  against  failure  of  excitation,  the  grid-leak 
resistance  of  each  tube  should  be  adjusted  so 
that  the  total  grid  voltage  under  operating  con- 
ditions  will  be  not  less  than  125  volts  without 
exceeding  the  maximum  grid-current  rating  of 
25  ma.  per  tube  when  the  amplifier  is  loaded  to 
rated  plate  current. 


bands  may  be  covered.  Thus,  the  1.75-,  3.5- 
and  7-Mc.  bands  may  be  covered  with  one 
pair  of  coils,  the  3.5-,  7-  and  14-Mc.  bands 
with  another  pair  and  the  7-,  14-  and  28-Mc. 
bands  with  a  third  pair. 

A  plug-in  fixed  air  condenser  is  required  for 
the  plate  circuit  for  the  1.75-Mc.  band.  The 


•  A  450-WATT  BAND- 

SWITCHING  PUSH- 

PULL  AMPLIFIER 

The  photographs  of  Figs. 
1037,  1038,  1040  and  1041 
illustrate  a  450-watt  push- 
pull  band-switching  ampli¬ 
fier  capable  of  handling  a 
power  input  of  450  watts  at 
1500  volts  for  c.w.  operation 
or  375  watts  with  plate  mod- 
ulation.  While  the  type  T55 
is  shown,  any  of  the  tubes  of 
the  1000-  or  1500-volt  class, 
such  as  the  809,  T40,  HY40, 
RK35,  UH50,  808,  812, 

RK51  or  35T,  may  be  used. 

The  circuit  is  shown  in 
Fig.  1039.  Band-switching  is 
accomplished  by  short-cir- 
cuiting  turns  of  both  plate 
and  grid  coils  by  means  of 
tap  switches.  Any  three  ad- 
jacent  bands  may  be  covered 
in  this  manner.  By  plugging 
in  another  pair  of  coils,  a 
second  set  of  three  adjacent 


Fig.  1037  —  The  panel  of  the  band-switching  amplifier  is  103-2  inches  by  19 
inches.  The  dials  control  the  plate-  and  grid-tank  condensors.  The  uppermost 
of  the  two  small  knobs  to  the  left  is  for  adjusting  the  variable  link-output 
coupling,  while  the  lower  one  is  for  the  plate  band  switch.  The  grid  hand 
switch  knob  is  to  the  rigbt. 


Fig.  1038  ~  Kear  view  of  the  band-switching  amplifier.  Link  input 
and  output  terminals  are  at  the  left  and  right-hand  ends  of  the  ehassis 
respeetively.  The  parasitic  traps  are  self-supporting  between  the  grid- 
lank-condenser  terminals  and  the  grid  terminals  of  the  tubes.  The 
eontrols  of  both  tank  eondensers  must  be  well-insulated  from  the  shafts. 


plug-in  jack  base  is  mounted  under 
the  chassis  and  is  wired  to  the 
lowest-frequency  switch  points  so 
that  the  condenser  is  automatically 
connected  across  the  coil  when 
the  switch  is  tuned  for  the  1.75- 
Mc.  band.  When  the  coil  covering 
this  band  is  not  used,  the  fixed 
condenser  should  be  removed,  or  it 
may  be  omitted  entirely,  if  opera¬ 
tion  in  this  band  is  not  desired.  The 
grid  circuit  likewise  requires  pad- 
ding  at  1.75  Mc.,  but  here  a  15- 
M^fd.  condenser  may  be  connected 
permanently  across  the  fourth  set 
of  switch  contacts  which  are  not 
used  for  other  bands.  C9-L3  and 
C10-L4  are  parasitic  traps  to  elimi- 
nate  ultra-high-frequency  parasitic 
oscillation.  Fixed-link  coupling  is 
used  at  the  input,  with  variable- 
link  coupling  in  the  output. 

Construction 

The  plate  tank-circuit  compo- 
nents  are  grouped  at  the  left- 
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hand  end  of  the  chassis.  The  tank-coil  jack 
bar  is  mounted  on  a  pair  of  metal  supports 
2J4  inches  high  so  that  the  variable-link  con- 
trol  shaft  will  clear  the  Ohmite  switches  by  a 
half-inch  or  so.  The  switch  units  are  mounted 
on  1-inch  cone  insulators  after  their  mount- 
ing  brackets  have  been  revamped  to  bring 
the  shafts  1  Yi  inches  above  the  chassis.  The 
two  switch  units  are  spaced  on  the  chassis 
so  as  to  be  central  with  the  connections  on  the 
coil  jack  bar.  The  shafts  are  coupled  together 
with  a  section  of  %-inch  bakelite  rod  with  brass 
reducing  couplings  at  each  end.  Each  end  of  the 
bakelite  section  should  be  flattened  slightly 
so  that  the  coupling  set  screw  will  not  slip. 
The  two  feed-through  insulators  at  the  edge  of 
the  chassis  are  mounted  near  the  switch  and 
are  for  the  connections  between  the  switch 
units  and  the  padder-condenser  jack  base  un¬ 
der  the  chassis.  The  plate  tank  condenser  is 
mounted  on  1^-inch  cone  insulators  just  to 
the  right  of  the  tank  coil.  The  plate  r.f.  choke 
and  a  feed-through  insulator  for  the  high-volt- 
age  lead  are  placed  beneath  the  coil  mounting. 
The  by-pass  Ct  is  fastened  by  heavy  wire  leads 
between  the  grounded  front  coil  bracket  and 
the  tank-condenser  rotor  connection. 

On  the  right  side  of  the  chassis  the  grid  tank- 


circuit  components  are  grouped.  The  tank 

condenser  is  mounted  on  lj^-in.  cone  insula¬ 
tors  to  bring  its  shaft  level  with  that  of  the 
plate  tank  condenser  and  placed  on  the 
chassis  so  that  the  two  shafts  will  come  at  equal 
distances  from  the  ends  of  the  chassis.  Sim- 
ilarly,  the  grid  switch  is  mounted  on  a  1-in. 
cone  insulator  after  a  metal  bracket  has  been 
fashioned  to  bring  the  shaft  2 inches  above 
the  chassis.  It  is  placed  with  its  shaft  and  the 
shaft  of  the  plate  switch  at  equal  distances 
from  the  chassis  edges.  The  grid  tank  coil  is 
mounted  on  a  sheet  of  metal  4  inches  by  5 
inches,  elevated  above  the  switch  by  four 
metal  pillars  4  inches  high.  The  grid-circuit 
r.f.  choke  and  a  feed-through  point  for  the 
biasing  voltage  are  between  the  tank  coil  and 
condenser. 

The  tubes  and  neutralizing  condensers  are 
placed  symmetrically  between  the  two  tank 
circuits.  A  half-inch  hole,  lined  with  a  rubber 
grommet,  is  drilled  under  each  tube  Socket  for 
the  filament  leads. 

Coils 

The  plate-tank  coils  listed  under  the  circuit 
diagram  are  of  a  special  series  designed  pri- 
marily  for  use  with  a  multi-section  tank  con- 
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Fig.  1039 —  Circuit  diagram  of  the  450-watt  band 

switching  amplifier. 

Ci  — 100  /i/*fd.  per  section,  0.07-in.  plate  spacing 
(Hammarlund  HFBD-100-E). 

C 2  — 150  /i/ifd.,  plate  spacing  0.05-in.  (Hammarlund 
HFB-150-C). 

C3  —  50-^/tfd.  fixed  air  padder  for  1.75  Mc.,  spacing 
0.17  in.  or  greater  (see  tcxt)  (Cardwell  JCO- 
50-OS). 

C4  —  15-M^fd.  padder  for  1.75  Mc.,  0.05-in.  spacing 
(see  text)  (Hammarlund  HFA-15-E). 

C6  —  0.001-/ifd.  mica,  7500-volt  (Aerovox  1623). 

C«  —  0.01 -Mfd.  paper. 

C7,  Cs  —  Neutralizing  condenser  (National  NC800). 

Cq,  Cio  — *  Isolantite  mica  adjustable  trimmer,  20-100 
M/ifd.  (Mallory  CTX954). 

Cu,  Cia  —  0.01-^fd.  paper. 

RFCi  —  1-mh.  r.f.  choke,  600-ma.  (National  R154). 

RFC2  —  2.5-mh.  r.f.  choke  (Millen). 

SWi  —  Ganged  sections  of  Ohmite  ham-band  switch 
(3-position). 

SWj  —  Ganged  sections  of  Mallory  ham-band  switch 
(4-position)  (type  162C). 


Ti  —  7.5 -volt,  6-amp.  filament  transformer 
(Thordarson  T19F94). 

3  Li  — For  1.75-,  3.5-  and  7-Mc.  bands  —  60 

^3  tums  No.  16,  5% -in.  long,  2j^-in. 

^3  £—o  diam.,  tapped  at  the  7th  and  16 th 

<3-.  R>  input  turn  each  side  of  center  (B  &  W 

3  0  TVH-160)  (90  /ihy.,  tapped  each 

3  side  of  center  at  7/30  and  8/15  of 

■3  total  number  of  turns  in  each  half). 

For  3.5-,  7-  and  14-Mc.  bands  —  38 
cL  turns  No.  14  5J^ -in,  long,  2J4-in. 

Fc2g  diam.,  tapped  at  the  4th  and  9th 

turn  each  side  of  center  (B  &  W 
TVH-80)  (35  jihy.,  tapped  each  side 
of  center  at  2/19  and  9/38  of  total 
number  of  turns  in  each  half). 

_BrAs  For  7-,  14-  and  28-Me.  bands — 24 

turns  No.  12  5J4-in.  long,  2 3^ -in. 
diam.,  tapped  at  2nd  and  5th  turns  each  6ide 
of  center  (see  text  for  alterations)  (B  &  W  TVH- 
40)  13  /ihy.,  tapped  each  side  of  center  at  ap- 
prox.  and  5^4  of  total  numher  of  turns  in 
each  half.  (See  text  on  adjustment.) 

La  —  For  1.75-,  3.5-  and  7-Mc.  bands  —  52  turns,  2-in. 
long,  13^-in.  diam.,  tapped  at  9th  and  17th 
tums  each  side  of  center.  (Coto  CS160C)  (56 
jihy.  tapped  each  side  of  een  ter  at  9/26  and  17/26 
of  total  number  of  turns  in  each  half). 

For  3.5-,  7-  and  14-Mc.  bands  —  26  turns,  13^-in. 
long,  134-in.  diam.,  tapped  at  5th  and  9th  tums 
from  each  side  of  center.  (Coto  CS80C)  (17 
>ihy.,  tapped  each  side  of  center  at  5/13  and  9/13 
of  total  number  of  turns  in  each  half). 

For  7-,  14-  and  28-Mc.  bands  — 16  turns  IJ^-in. 
long,  13^-in.  diam.,  tapped  at  lst  and  3rd  turns 
each  side  of  center.  (Coto  CS40C)  (5  /ihy., 
tapped  each  side  of  center  at  3di  and  54  of  total 
number  of  tums  in  each  half). 

L3,  L4  —  8  turns  No.  12,  }4~in.  inside  diam.,  13>4-in. 
long. 
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Fig.  1040  —  Grid-circuit  end  of  hand-switching  push -pull  amplifier  showing 
switching  arrangement  and  the  1.75-Mc.  padder. 


denser.  They  are  provided 
with  four  extra  plugs  which 
are  used,  in  this  case,  for  the 
short-circuiting  taps.  The 
coil  covering  7,  14  and  28 
Mc.  requires  -slight  altera- 
tion,  ho wever.  Two  turns  on 
each  side  of  center  are  cut 
free  from  the  supporting 
strips  and  left  self-support- 
ing,  otherwise  the  coil  heat 
usually  developed  at  28  Mc. 
may  be  sufficiënt  to  ruin  the 
base  strip.  At  the  same  time, 
these  two  turns  on  each  side 
should  be  reduced  in  diam¬ 
eter  to  1%  inch.  This  may 
be  done  quite  readily  by  un- 
soldering  the  central  ends, 
twisting  the  turns  to  the 
smaller  diameter  and  cutting 
o  ff  the  excess  wire.  While 
the  lower-frequency  taps 
may  be  soldered,  it  is  ad- 
visable  to  use  clamps  on  the 
wire  for  the  28-Mc.  taps.  Johnson  coil  clips  are 
just  right  for  the  purpose. 

Since  grid  coils  are  unobtainable  with  suffi¬ 
ciënt  pins  in  the  mounting,  the  taps  for  the 
grid  coils  are  brought  out  to  a  5-prong  Millen 
eoil-mounting  bar  (Type  40205).  A  plug-in 
socket  for  the  bar  is  sub-mounted  in  back  of 
the  coil  socket. 

Wiring 

All  of  the  wiring,  excepting  the  power  wiring 
underneath  the  chassis  is  done  with  No.-  14 
tinned  bus  wire.  In  all  possible  cases,  connec- 
tions  are  made  with  short  straight  sections  of 
wire  running  directiy  from  point  to  point.  Of 
importance  are  the  leads  to  the  tube  grids  and 
plates.  The  leads  to  the  tank  condensers  and 
those  to  the  neutralizing  condensers  are  kept 
entirely  separate;  at  no  point  are  these  leads 


common.  This  practice  helps  in  the  prevention 
of  parasitic  oscillations.  The  grid  by-pass  con- 
denser  is  mounted  close  to  the  grid-coil  socket. 
Millen  safety  terminals  are  used  for  the  bias 
and  high  voltage. 

Tuning 

The  fïrst  step  in  adjusting  the  amplifier  is 
that  of  setting  the  bias.  If  T55’s  are  used,  a  90- 
volt  battery  with  2000-ohm  grid  leak  in  series 
may  be  connected  across  the  biasing  terminals 
or,  if  a  pack  is  used,  it  should  be  adjusted  so 
that  90  to  150  volts  from  the  pack  appear  across 
a  4000-ohm  grid-leak  section  (see  Chap. 
Eleven).  Either  of  the  807  exciters  previously 
described  will  supply  adequate  excitation.  The 
only  alteration  is  in  the  807  plate  coil  for  28  Mc. 
which  should  be  reduced  by  one  turn  to  pro- 
vide  a  higher-C  circuit  for  better  matching. 


Fig.  1041  —  The  chassis  for  the  band- 
switching  amplifier  is  10  inches  by  17 
inches  by  3  inches.  The  plug-in  air 
padding  condenser  for  1.75  Mc.  is 
spaced  with  equal  distance  between  top 
and  bottom  of  the  chassis.  Filament  by¬ 
pass  condensers  are  soldered  to  the 
terminals  of  the  fibre  lug  strip  to  which 
the  filament  transformer  terminals 
are  anchored. 
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Fig.  1043  —  Rear  view  of  the  1-kw.  amplifier  showing  wiring  and 
placement  of  parts. 


Before  excitation  is  applied,  the 
two  condensers  C 9  and  C\ o  should  be 
set  at  maximum  capacity.  With  exci- 
tation  applied  and  plate  voltage  off, 
grid  current  to  the  amplifier  should 
run  between  60  and  90  ma.  Make 
eertain  that  the  coil  switches  are  set 
at  the  appropriate  points.  The  am¬ 
plifier  may  be  neutralized,  using  the 
grid  meter  as  an  indicator. 

The  amplifier  should  now  be  tested 
for  parasitic  oscillation.  The  bias 
should  be  reduced  to  a  point  which 
will  allow  a  plate  current  of  100  ma. 
or  so  to  flow  without  excitation.  It  is 
advisable  to  lower  plate  voltage  for 
this  test  by  inserting  a  resistance  of 
about  2500  ohms  in  series  with  the 
plate  voltage  or  inserting  a  200-watt 
lamp  in  series  with  the  primary  wind¬ 
ing  of  the  plate  transformer.  The  grid 
tank  condensers  should  be  set  at 
various  points  while  the  plate  tank 
condenser  is  swung  through  its  range. 

The  plate  current  should  remain  per- 
fectly  stationary.  If  a  point  is  found 
where  a  sudden  change  in  plate  cur¬ 
rent  takes  place,  C 9  and  C10  should  be  adjusted, 
bit  by  bit,  until  the  variation  in  plate  current 
disappears.  C g  and  C10  should  be  set  as  close 
to  maximum  capacity  as  possible  and  yet 
eliminate  the  parasitic. 

Normal  biasing  voltage  may  now  be  replaced 
and  the  amplifier  tuned  up  and  loaded.  For 
c.w.  operation,  the  output  should  exceed  300 
watts  when  operated  at  the  maximum  rated 
input  of  1500  volts,  300  ma.  With  plate  modu- 


lation,  the  plate  current  should  be  reduced  to 
250  ma.  and  the  output  should  exceed  250 
watts.  The  amplifier  will  operate  satisfactorily 
with  grid  current  of  40  to  70  ma.  with  the 
amplifier  loaded.  The  maximum  rating  of  80 
ma.  for  the  two  tubes  should  not  be  exceeded. 
Reference  should  be  made  to  the  tube  tables 
of  Chapter  20  for  operation  of  other  tubes. 

•  PUSH-PULL  1-KW.  AMPLIFIER 

The  push-pull  amplifier  shown  in 
the  photögraphs  of  Figs.  1042,  1043 
and  1045  is  capable  of  handling  a 
power  input  of  1000  watts  for  c.w. 
operation  or  900  watts  with  plate 
modulation. 

The  circuit  is  shown  in  Fig.  1044. 
Plug-in  coils  with  fixed  links  are  used 
in  the  grid  circuit,  while  the  output- 
coil  mounting  is  provided  with  varia- 
ble-link  coupling.  L3C3  and  L4C4  form 
traps  against  u.h.f.  parasitic  oscilla¬ 
tion.  A  multi-section  plate  tank 
condenser  provides  a  low-minimum 
capacity  for  operation  at  the  higher 
frequencies  and  a  high  maximum  for 
the  lower  frequencies. 

Construc  tion 

The  plate  tank  condenser  is  mount- 
ed  on  134-in.  cone  insulators.  The 
rotor  is  grounded  through  a  high- 
voltage  fixed  condenser  at  the  front 
end  of  the  condenser.  The  shaft  is  cut 
off  and  is  fitted  with  a  large  isolantite 


Fig.  1042  —  The  panel  for  the  1-kw.  push-pull  amplifier  is  14 
inches  high  hy  19  inches  wide. 
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flexible  shaft  coupling.  This  is  important  sïnce 
the  rotor  is  at  high  voltage.  A  panel-bearing  as¬ 
sem  bly  is  fitted  in  the  panel.  The  j  ack  bar  for  the 
plate  tank  coil  is  mounted  on  a  pair  of  angle 
brackets  fastened  to  the  condenser  end  plates. 
Two  300-ma.  r.f.  chokes  in  parallel  are  used 
with  one  connected  between  each  condenser 
end  plate  and  the  center  connections  of  the  coil 
jack  bar.  The  positive  high  voltage  comes  up 
through  the  chassis  through  a  feed-through 
insulator  at  the  rear  of  the  condenser. 

The  grid  tank  condenser  is  mounted  on  Yg- in. 
cone  insulators  topped  with  spacers  to  bring 
its  shaft  up  level  with  that  of  the  plate  tank 
condenser.  The  two  condensers  are  mounted 
with  their  shafts  3%-in.  from  the  chassis 
edges.  The  jack  bar  for  the  grid  tank  coil  is 
mounted  on  “U”-shaped  brackets  made  from 
3^-in.-wide  brass  strip  and  these,  in  turn,  are 
mounted  on  2-in.  cone  insulators.  The  rotor  of 
the  condenser  is  grounded  to  the  chassis  at  the 
center.  The  grid  r.f.  choke  is  mounted  on  a 
feed-through  insulator  carrying  the  biasing 
voltage  up  through  the  chassis.  The  grid  by¬ 
pass  condenser  is  soldered  between  the  top  of 
the  choke  and  the  rotor  ground  connection. 

The  two  tubes  are  mounted  centrally  in  re¬ 
spect  to  the  two  tank  condensers  with  the 
neutralizing  condensers  between  the  tubes  and 
the  grid  tank  condenser.  The  sockets  for  the 
tubes  are  sub-mounted  beneath  the  chassis  on 
jj'g-in.  spacers  to  bring  the  plate  terminals 
lower.  The  parasitic-trap  condensers  and  coils 


are  self-supporting  and  are  fastened  to  the  heat- 
radiating  plate  connectors. 

Underneath  the  filament  transformer  is 
mounted  and  the  filament  by-pass  condensers 
are  wired  directly  at  the  sockets.  Millen  safety 
terminals  are  provided  for  the  positive-high- 
voltage  and  negative-bias  terminals.  A  male 
plug  is  set  in  the  rear  edge  of  the  chassis  for 
the  110-volt  connection  to  the  filament  trans¬ 
former. 

Tuning 

The  only  departure  from  ordinary  procedure 
in  tuning  is  that  of  adjusting  the  parasitic 
traps.  The  trap  condensers  should  be  set  near 
maximum  capacity,  but  not  screwed  up  tight. 
After  the  amplifier  has  been  neutralized,  a  bias 
of  about  22^2  volts  should  be  applied  to  the 
grid  and  the  plate  voltage  applied  through  a 
2500-ohm  resistance.  With  any  pair  of  coils 
plugged  in,  the  plate  current  should  not  vary 
with  any  setting  of  grid  or  plate  condensers. 
If  the  plate  current  changes  suddenly  at  any 
point,  the  trap  condensers  should  be  adjusted 
equally  until  the  change  disappears.  The  trap 
condensers  should  be  set  as  near  maximum 
capacity  as  possible  consistent  with  parasitic 
suppression.  If  the  r.f.  wiring  has  been  followed 
carefully,  the  initial  adjustment  of  the  traps 
described  above  should  be  sufficiënt. 

After  the  above  adjustment  is  complete, 
excitation  may  be  applied  and  the  amplifier 
loaded.  The  high-capacity  sections  of  the 


Fig.  1044 —  Circuit  diagram 

for  the  1-kw.  push. pull  amplifier. 

Ci  — 150  Aefd.  per  section, 

0.05-in.  spacing  (Johnson 
150FD20). 

Ca  —  M uiti-Bec I ion,  max.  capac¬ 
ity  228  nefd-  per  section, 

0.84-in.  spacing  (Card- 
well  XE-160-70-XQ). 

Ca,  Ci  —  30-ppfd.  mica  trimmer 
condensers  with  isolan- 
tite  insulation  (Millen 
28030). 

Ca,  Cs  —  Neutralizing  condensers 
(Johnson  N250) 

C7  —  0.01  afd.  paper,  600-volt. 

Cs  —  0.001  afd.,  mica,  10,000- 
volt  (Aerovox  1624). 

Cs,  C10  —  0.Ö1  afd.  paper. 

RFC]  —  2.5-mh.  r.f.  choke. 

RFCg —  1-mh.,  300-ma.  r.f.  choke 
(National  R-300). 

Ti  - —  10-volt,  10-amp.  filament 

transformer  (Thordarson  T19F87). 

Li  1.75  Mc. — 42  turns  No.  14,  3  in.  long,  3t4  in. 
diam.  (110  phy.) 

3.5  Mc.  —  32  turns  No.  16,  2%  in.  long,  214  in. 
diam.  (40  phy.)  (B  &  W  80BL). 

7  Mc.  20  turns  No.  14,  214  in.  long,  2  in.  diam. 
(12  ahy.)  (B  &  W  40BL). 

14  Mc.  —  10  turns  No.  14, 214  in.  long,  2  in.  diam. 
(3  ahy.)  (B  &  W  20BL). 

28  Mc.  6  turns  No.  12,  214  in.  long,  2  in.  diam. 
(1  phy.)  (B  &  W  10BL). 

Lj  —  1.75  Mc.  —  48  turns  No.  14,  6%  in.  long,  3  Yi  in. 
diam.  (90  ahy.)  (B  &  W  160HDVL). 


3.5  Mc.  —  32  turns  No.  10,  6%  in.  long,  3)4  in. 
diam.  (40  ahy.)  (B  &  W  80HDVL). 

7  Mc.  —  20  turns  No.  8, 6%  in.  long,  314  in.  diam. 
(15  phy.)  (B  &  W  40HDVL). 

14  Mc.  —  8  turns  No.  8, 4%  in.  long,  314  in.  diam. 
(3  ehy.)  (B  &  W  20HDVL  with  one  turn  re- 
moved  from  each  end. 

28  Mc.  —  4  turns  3/16-in.  copper  tubing  or  No.  4 
wire,  514  in.  long,  2%  in.  inside  diam.  (0.8 
nhy.)  (B  &  W  10HDVL  with  one  turn  removed 
from  each  end). 

Ls,  L4  —  6  turns  No.  12,  14-in.  inside  diam..  14  in. 
long. 
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Fig.  1045  — The  tube  sockets  of  the  1-kw.  amplifier 
are  sub-mounted.  The  filament  transformer  is  mounted 
near  tbe  sockets.  The  chassis  is  13  inches  by  17  inches. 


plate  condenser  are  required  only  for  the  3.5- 
Mc.  band.  A  driving  power  of  50  to  60  watts  is 
required  for  Class-C  operation.  Either  of  the 
807  exciter  units  described  previously  will 
supply  sufficiënt  excitation  for  Class-C  opera¬ 
tion  with  plate  modulation  at  full  rated  input 
on  all  bands  except  the  28-Mc.  band.  Here,  an 
exciter  with  greater  output,  such  as  the  trans- 
mitter  shown  in  Fig.  1026  will  be  required. 

A  pack  delivering  75  to  175  volts  is  required 
for  biasing.  The  bleeder  resistance,  which 
forms  the  grid  leak,  should  be  set  at  2000 
ohms.  If  the  pack  delivers  an  output  voltage 
greater  than  175  volts,  the  output  should  be 
provided  with  a  voltage  divider  with  resistance 
values  determined  as  described  in  connection 
with  Fig.  1112. 

Grid  current  should  run  100  ma.  on  all  bands 
and  the  amplifier  may  be  loaded  until  the 
plate  current  increases  to  500  ma.  when  the 
output  at  2000  volts  should  be  approximately 
750  watts. 

•  ANTENNA  COUPLERS 

The  small  antenna  tuner  shown  in  Figs. 
1046  and  1048  is  designed  partieularly  to  go 
with  the  6L6  oscillator  transmitter  of  Fig. 
1003,  but  is  suitable  for  any  low-power  trans¬ 
mitter  operating  at  plate  voltages  up  to 
about  500.  It  is  built  on  a  chassis  of  similar 
size  —  4  in.  by  5  in.  by  3  in.  The  tuning  con¬ 
denser  is  insulated  from  the  chassis  by  drilling 
a  pair  of  J^-in.  holes  %-in.  apart  to  fit  Na¬ 
tional  FWB  terminal  strips.  The  shoulders  on 
one  of  the  strips  are  filed  off  so  that  the  con¬ 
denser  mounting  screws  will  clamp  the  strips 
in  place. 

The  placing  of  the  condenser  on  the  chassis 
is  such  that  its  shaft  falls  the  same  distance 
from  the  center  line  of  the  chassis  as  the  shaft 
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of  the  condenser  in  the  unit  described  in  Fig. 
1003,  but  on  the  opposite  side  of  the  center 
line.  This  will  permit  a  symmetrical  panel  ar¬ 
rangement  when  the  three  units  are  assembled 
as  a  complete  transmitter  as  shown  in  Fig. 
1305. 

The  antenna  windings  should  be  connected 
as  shown  in  the  circuit  diagram  of  Fig.  1047. 
The  size  of  L i  will  depend  upon  the  antenna 
dimensions  and  should  be  adjusted  so  that  the 
antenna  circuit  will  tune  to  resonance.  The 
link  winding  L 2,  usually  of  a  few  turns  wound 
in.  °r  so  below  L\  on  the  form,  should  be 
adjusted  in  conjunction  with  the  output  link 
of  the  transmitter  to  provide  proper  coupling. 
This  coupler  may  be  used  in  conjunction  with 
a  simple  voltage-fed  antenna,  in  which  case 
parallel  tuning  will  be  used  and  the  antenna 
connected  to  one  output  terminal,  or  with 
tuned  feeders. 

Fig.  1049  shows  the  circuit  diagram  of  a 
simple  series-parallel  antenna  tuner.  The  con¬ 
stants  given  will  usually  be  satisfactory  for 
most  common  lengths  of  feeders  when  used 
with  transmitters  operating  at  1500  volts  or 
less. 

The  condensers  are  mounted  on  pillars  taken 
from  National  GS-1  insulators  as  described  in 
connection  with  Fig.  1053.  The  coil  strip  is 
fastened  to  the  inside  upper  corners  of  the  con¬ 
denser  frames.  Clips  on  flexible  leads  are  pro¬ 
vided  to  short-circuit  unused  turns  of  the 
antenna-circuit  coil  and  another  pair  is  used 
to  switch  from  series  to  parallel  tuning.  When 


Fig.  1046  —  Compact  plug-in  type  antenna  tuner  for 
low-power  transmitters.  The  tuning  condenser  is  insu¬ 
lated  from  the  chassis  by  means  of  a  pair  of  National 
FWB  terminal  strips.  The  front  Socket  is  for  parallel 
tuning,  the  rear  one  for  series  tuning.  The  clearance  hole 
at  the  rear  of  the  condenser  is  for  the  connection  to  the 
condenser  stator.  The  rotor  connection  is  taken  off 
underneath. 


Transraitter  Construction 


series  tuning  is  used,  the  flexible  leads  with  the 
clips  hang  free,  while  they  are  clipped  on  each 
feeder  connection  as  shown  in  Fig.  1049  when 
parallel  tuning  is  desired.  Feeder  connections 
are  made  to  the  two  large  stand-off  insulators 
shown  in  the  photograph. 

Wide-Range  Antenna  Couplet 

The  photograph  of  Fig.  1051  shows  the  con¬ 
struction  of  a  wide-range  antenna  coupler.  A 
separate  coil  is  used  for  each  band  and  the 
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Fig.  1047 —  Circuit  diagram  of  the  low-power 
antenna  tuner.  Ci  is  a  250-wifd.  midget  variahle  con- 
denser  (National  STH250).  Li  is  the  antenna  tuning 
winding,  while  L2  is  a  link  input  winding.  Connections 
for  series  or  parallel  tuning  are  made  automatically  when 
the  coil  is  plugged  into  the  correct  sockct. 


Fig.  1049  —  Circuit  diagram  of  the  antenna-tuning 

unit. 

Ci,  C2  —  100  /x^fd-t  0.07-inch  spacing  (National  TMC- 
iOO). 

Li  — 22  turns  No.  14,  diameter  2%  inches,  length  4 
inches  (Coto  with  variahle  link). 

L2  —  4  turns  rotating  inside  Li. 

M  —  R.f.  ammeter,  0-2.5  for  medium -power  trans- 
mitterg. 


desired  connections  for  series  or  parallel  tuning 
with  high  or  low  C  or  for  low-impedance  output 
with  high  or  low  C  are  automatically  made 
when  the  coil  is  plugged  in.  Coil  connections 
to  the  pins  for  various  arrangements  are  shown 
in  Fig.  1052. 

The  condenser  specified  with  a  set  of  regular 
coils  should  cover  practically  all  coupling 
conditions  likely  to  be  encountered.  Because 
the  switching  of  connections  requires  the  use  of 
the  central  pin,  a  slight  alteration  in  the  B  &  W 
unit  is  required.  The  link  mounting  is  removed 
from  the  jack  bar  and  an  extra  jack  is  placed  in 
the  central  hole.  The  link  assembly  is  then 


Fig.  1048  —  Bottom  view  of  the  plug-in  type  antenna 
coupler.  The  pin  jacks  are  the  link  input  terminals,  while 
a  pair  of  National  FWB  terminal  strips  is  used  for  the 
antenna  feeder  connections. 


mounted  on  a  2-inch  cone  insulator  to  one  side 
of  the  jack  bar.  On  each  coil,  the  central  nut 
is  removed  and  a  Johnson  tapped  plug,  similar 
to  those  furnished  with  the  coils,  is  substituted. 
An  extension  shaft  is  fitted  on  the  link  shaft 
and  a  control  is  brought  out  to  the  panel. 

The  tank  condenser  is  mounted  with  angle 
brackets  on  four  1^-inch  cone  insulators  and 
an  insulated  coupling  provided  for  the  shaft. 

If  desired,  the  coils  may  be  wound  with 
fixed  links  on  transmitting  ceramic  forms. 
The  links  will  have  to  be  provided  with  flexible 
leads  to  be  plugged  into  a  pair  of  jack-top 
insulators  mounted  near  the  coil  jack  strip 
unless  a  special  mounting  is  made  providing  for 
seven  connections.  Feeder  connections  are 
made  at  the  6-inch  spaced  terminals  at  the 
rear  and  the  connections  are  brought  up 
through  the  chassis  to  the  coupler  through  an- 
other  pair  of  feed-through  insulators.  Simi- 
larly,  the  link  line  from  the  final  tank  circuit  is 
brought  to  the  terminals  at  the  left  and  thence 
up  through  the  second  pair  of  feed-through 
insulators.  The  latter  are  mounted  so  that  the 
flexible  connections  to  the  link  can  be  trans- 


Fig.  1050  —  A  link -coupled  antenna-tuning  unit  for 
use  with  resonant  feed  Systems.  The  inductance,  with 
variahle  link,  is  mounted  on  the  condenser  frames.  Clips 
are  provided  for  changing  the  number  of  turns,  and  for 
switching  the  condensers  from  series  to  parallel.  The 
panel  measure9  5 ] by  19  inches. 
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Fig.  1051  - —  Wide-range  antenna 
coupler.  The  unit  ia  mounted  on  a 
chassis  7  in.  by  17  in.  by  2  in.  with  a 
panel  8  %  in.  by  19  in.  The  condenser 
is  a  split-stator  unit  having  a  capacity 
of  210  ggfds.  per  section,  0.07-in. 
plate  spacing  (Cardwell  XT-210- 
PD).  The  coils  are  the  B  &  W  TVL 
series. 


Fig.  1052  —  Circuit  diagram  of  the 
wide-range  antenna  coupler.  A  — 

Parallel  tuning,  low  C.  B  —  Parallel 
tuning,  high  C.  C  —  Series  tuning, 
low  C.  D  —  Series  tuning,  high  C. 

E  —  Parallel  tank,  low-impedance 
output,  low  C.  F  —  Parallel  tank, 
low-impedanee  output,  high  C.  For 
single-wire  matched-impedanee  feed- 
ers,  the  arrangementsof  E  or  F  would 
be  used  with  a  single  tap  instead  of 
the  doublé  tap  shown.  For  simple 
voltage-fed  antennas,  the  arrange¬ 
ment  of  A  would  be  used  with  the  end 
of  the  antenna  connected  at  "X.” 

ferred  from  their  usual  anchor- 
ages  to  prevent  short-circuiting 
against  the  link  shaft. 

Aftertheinductance  required 
for  the  various  bands  has  been 
determined  experimentally,  the 
eonnections  to  the  coils  can  be 
made  permanent  and  then  it  is 
merely  a  matter  of  plugging  in 
the  right  coil  for  each  band  and 
tuning  the  condenser  for  res- 
onance  and  adjusting  the  link 
for  loading. 

The  unit  should  be  satisfactory  for  trans- 
mitters  operating  at  a  plate  voltage  of  not  Pi-Section  Antenna  Coupler 

more  than  1500.  For  higher  voltages,  a  con-  The  photograph  of  Fig.  1053  shows  the  con¬ 
denser  with  larger  spacing  should  be  used.  structional  details  of  a  pi-section-type  antenna 

coupler.  The  diagram  appears  in 
Fig.  1054.  All  parts  are  mounted 
directly  on  the  panel  with  flat-head 
machine  screws.  The  condensers 
are  each  supported  on  three  ce- 
ramic  pillars  from  National  type 
GS-1  stand-ofï  insulators.  A  %- 
inch  6-32  machine  screw  is  inserted 
in  one  end  of  each  pillar  and  turned 
tight.  The  head  of  the  screw  is  then 
carefully  cut  off  with  a  hack-saw 
and  the  protruding  quarter-inch  or 
so  will  thread  into  the  mounting 
holes  in  the  end  plate  of  the  con¬ 
denser.  The  shaft  is  cut  off  about 
34-inch  from  the  frame  and  is  then 
fitted  with  a  Johnson  rigid  insu- 
lated  shaft  coupling  (No.  252). 
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Fig.  1053  —  Pi-section  type  antenna  coupler.  All  parts  are  mounted 
on  a  Presdwood  panel  8M  in.  by  19  in. 
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Fig.  1054  —  Diagram  of  pi-sectioo  antenna  coupler. 
C1-C2  —  300  Ma»fds.,  0.07-in.  spacing  (National  TMC- 
300). 

L1-L2  —  26  turns  No.  14,  2p5-in.  diameter,  3J^-in.  long 
(National  XR10A  form  wound  full). 

Ca  —  0.01-jufd.  mica,  5000  volts. 


Since  the  coupling  will  extend  3^6-inch  or  so 
beyond  the  stand-off  insulators,  a  %-inch 
clearance  hole  should  be  cut  in  the  panel  for 
each  shaft.  Alternatively,  6-irtch  thick  metal 
washers  could  be  used  between  the  panel  and 
each  pillar  to  extend  the  pillar  so  a  clearance 
hole  in  the  panel  would  not  be  required. 

Each  coil  form  is  supported  on  lj^-inch  cone 
insulators.  The  two  high-voltage  blocking  con- 
densers  C3  are  also  mounted  on  pillars  from 
GS-1  stand-off  insulators.  A  copper  clip  on  a 
flexible  lead  connected  permanently  to  one  end 
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of  each  coil  serves  to  adjust  the  coil  inductance 
by  short-circuiting  turns. 

Output  connections  are  made  to  the  two 
terminal  insulators  at  the  right,  while  input 
connections  are  made  to  the  terminals  of  the 
two  voltage  blocking  condensers.  When  single- 
wire  output  is  desired,  the  output  terminal 
connected  to  the  condenser  rotors  is  grounded 
and  the  coil  in  that  side  short-circuited  oom- 
pletely  by  the  clip  and  lead. 

Under  most  circumstances,  the  components 
specified  will  work  satisfactorily  with  trans- 
mitters  of  400  or  500  watts  input  operating  at 
plate  voltages  up  to  1500.  For  higher  power, 
the  condensers  should  have  greater  spacing  and 
the  coils  should  be  wound  with  No.  12  or  larger 
wire.  Couplers  for  lower  power  may  be  made 
up  in  similar  fashion  with  smaller  components 
of  equal  electrical  value. 
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While  the  filaments  or  heaters  of  all  tubes 
except  filament-type  battery  tubes  may  be 
operated  directly  from  a.c.  supply,  all  other 
tube  electrodes  in  transmitters  and  receivers 
require  pure  d.c.  potentials  to  prevent  hum  or 
modulation. 

Because  of  their  high  initial  cost  and  short 
life  under  heavy  current  drains,  advantage 
may  be  taken  of  the  excellent  characteristics 
of  battery  supply  with  practical  economy  only 
in  the  case  of  simple  receivers  and  very  low- 
power  transmitters.  (See  Chap.  18.) 

The  pulsating  d.c.  output  of  a  motor-gen- 
erator  is  readily  smoothed  to  satisfactory 
limits  with  a  simple  filter,  but  the  cost  of  such 
a  unit  is  high  and  such  a  rotating  mechanism 
is  usually  objectionable  in  circumstances 
under  which  most  amateur  installations  must 
be  operated.  Wherever  commercial  a.c.  lines 
are  available,  they  are  invariably  used.  Even 
in  cases  where  an  independent  supply  of  any 
appreciable  power  must  be  furnished,  the 
engine-driven  a.c.  generator  is  usually  to  be 
preferred  over  other  types.  For  these  reasons, 
this  chapter  will  deal  almost  entirely  with  the 
problem  of  power  supply  from  a  60-cycle  a.c. 
source.  The  principles  presented  may  be 
applied,  with  corrections  which  are  mentioned, 
to  supplies  operating  from  a.c.  sources  of 
frequencies  other  than  60  cycles. 

D.C.  from  A.C. 

To  convert  the  alternating  voltage  of  the 
supply  line  (usually  110  or  220  volts)  to  an 
essentially  pure  d.c.  voltage  of  the  required 
level,  a  transformer-filter  system  is  used.  The 
transformer  steps  the  voltage  up  to  the  de- 
sired  level,  the  rectifier  converts  the  a.c.  to  a 
pulsating  d.c.  voltage  and  the  filter  smooths 
out  the  pulsations. 

•  TERMS  AND  DEFINITIONS 

A  half-wave  rectifier  tube  is  a  simple  diode 
consisting  of  a  single  plate  and  cathode. 

When  two  diodes  are  enclosed  in  a  single 
envelope,  the  tube  is  called  a  full-wave  rectifier 
tube. 

A  high-vacuum  rectifier  is  one  in  which  the 
conduction  is  purely  by  means  of  the  electronic 
stream. 


A  mercury-vapor  rectifier  is  one  in  which  a 
small  quantity  of  mercury  has  been  intro- 
duced.  During  operation,  the  mercury  vapor- 
izes  and  is  broken  down  into  positive  and 
negative  ions.  The  former  decrease  the  normal 
resistance  of  the  plate-to-cathode  circuit. 

Inverse  peak  voltage  is  the  peak  voltage  which 
develops  between  plate  and  cathode  of  a 
rectifier  during  the  portion  of  the  a.c.  cycle 
when  the  tube  is  not  conducting.  In  single- 
phase  circuits,  it  is  equal  to  1.4  times  the  total 
transformer  secondary  voltage,  neglecting 
transients. 

Peak  plate  current  is  the  maximum  instan- 
taneous  current  passing  through  the  rectifier. 
For  a  given  load  current,  the  peak  plate  cur- 
rent  is  influenced  to  a  certain  extent  by  the 
design  of  the  filter  circuit,  specifically,  the 
nature  of  the  filter  element  immediately  follow- 
ing  the  rectifier. 

A  choke-input  filter  is  one  in  which  a  choke 
is  the  first  element  of  the  filter  following  the 
rectifier.  This  choke  is  termed  the  input  choke. 

A  condenser-input  filter  is  one  in  which  a  con- 
denser  is  the  first  element  of  the  filter  following 
the  rectifier.  This  condenser  is  termed  the 
input  condenser. 

A  swinging  choke  is  an  input  choke  which  is 
designed  to  increase  its  inductance  with  a 
decrease  in  load  current  within  specified  limits. 

A  bleeder  resistance  is  a  resistance  connected 
across  the  output  terminals  of  a  rectifier-filter 
system.  lts  purposes  are  to  discharge  the  filter 
condensers  when  voltage  is  removed  and  to 
improve  the  voltage  regulation  of  the  power 
supply  by  providing  a  minimum  load. 

Voltage  regulation  is  the  ratio  of  the  change 
in  output  voltage  of  a  power-supply  unit  be¬ 
tween  no-load  and  full-load  conditions  to  the 
full-load  value  expressed  as  a  percentage. 

Regulation  = 

No-load  voltage  —  full-load  voltage 
full-load  voltage 

(A  drop  of  1000  to  900  volts  means  a  regulation 
of  100/900  or  11  per  cent.) 

The  small  fluctuation  in  voltage  remaining 
in  the  output  of  a  rectifier-filter  system  is 
called  the  ripple.  The  ratio  of  the  effective 
value  of  the  ripple  to  the  average  output 
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voltage  is  often  expressed  as  percentage 
ripple. 

When  referring  to  a  power  supply,  the  load 
circuit  is  the  circuit  to  which  its  output  is 
connected.  The  current  drawn  from  the  power 
supply  is  called  the  load  current,  or  simply  the 
load.  The  same  term  is  sometimes  used  to 
indicate  power  furnished  to  the  load  circuit  by 
the  power  supply.  The  resistance  which  the 
load  represents,  or  the  load  resistance  is  given 
by  dividing  the  supply-terminal  voltage  under 
load  by  the  current  being  drawn  by  the  load. 

(In  case  some  confusion  may  arise,  we  speak 
of  light  or  heavy  loads  as  those  drawing  light  or 
heavy  currents,  or  those  consuming  little  or 
appreciable  power.  A  high-resistance  load  is  a 
light  load;  a  low-resistance  load  is  a  heavy 
load.  The  terms  minimum  load  and  maximum 
load  are  used  in  the  same  sense.  Likewise,  we 
say  the  load  increases  as  the  load  resistance 
decreases  and  the  load  deereases  as  the  load 
resistance  increases.  Load  resistance  is  usually 
mentioned  specifically  when  intended.) 

Reet i fier  Circuits  —  The  Half -Wave  Rectifier 

The  principles  of  transformers  and  rectifiers 
are  discussed  in  Chap.  3.  Fig.  1101  shows 
three  typical  transformer-rectifier  circuits, 
the  most  often  used  type  being  shown  at  (3). 
At  (1)  is  a  graph  representing  the  alternating 
voltage  across  the  secondary  terminals  of  the 
transformer.  In  the  circuit  of  the  simple  half- 
wave  rectifier  of  (2),  the  rectifier  tube  wil!  pass 
current  during  that  half  of  the  a.c.  cycle  when 
the  plate  end  of  the  transformer  is  positive  in 
respect  to  the  other  end.  During  the  other  half 
of  the  cycle,  when  the  plate  end  is  negative  in 
respect  to  the  other  end,  the  rectifier  will  not 
pass  current  and  no  current  will  flow  through 
the  load  as  illustrated  in  the  second  graph. 
This  result  in  an  output  voltage  pulsating  in 
value  but  never  reversing. 

The  Center-Tap  FuII-Wave  Rectifier 

In  order  to  utilize  the  remaining  half  of  the 
wave,  two  schemes  have  been  devised.  At  (3)  is 
shown  the  “full-wave  center-tap”  rectifiercir- 
cuit,  so  called  because  the  transformer  second¬ 
ary  winding  must  consist  of  two  equal  parts 
with  a  connection  brought  out  from  the  center. 
When  the  upper  end  of  the  winding  is  positive, 
current  can  flow  through  rectifier  No.  1  to  the 
load;  this  current  cannot  pass  through  rectifier 
No.  2  because  its  resistance  is  infinite  to  cur¬ 
rent  coming  from  that  direction.  The  circuit  is 
completed  through  the  transformer  center-tap. 
At  the  same  time  the  lower  end  of  the  winding 
is  negative  and  no  current  can  flow  through 
rectifier  No.  2.  When  the  current  reverses, 
however,  the  upper  end  of  the  winding  is  nega¬ 
tive  and  no  current  can  flow  through  rectifier 
No.  1,  while  the  lower  end  is  positive  and  there- 
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fore  rectifier  No.  2  passes  current  to  the  load, 
the  return  connection  again  being  the  center- 
tap.  The  resulting  wave  shape  is  again  shown 
at  the  right. 

The  Bridge  Rectifier 

Another  type  of  full-wave  rectifier  is  shown 
at  (4).  lts  operation  is  as  follows:  When  the 
upper  end  of  the  winding  is  positive,  current 
can  flow  through  No.  2  to  the  load,  but  not 
through  No.  1.  On  the  return  circuit,  current 
flows  through  No.  3  back  to  the  lower  end  of 
the  transformer  winding.  When  the  wave 
reverses  and  the  lower  end  of  the  winding 
becomes  positive,  current  flows  through  No.  4 
to  the  load  and  returns  through  No.  1  to  the 
upper  side  of  the  transformer.  The  output 
wave  shape  is  shown  at  the  right. 

Comparison  of  Rectifier  Circuits 

With  the  circuit  of  (3),  the  center-tap  full- 
wave  rectifier,  all  of  the  a.e.  wave  is  utilized 
and  the  amount  of  power  which  can  be  realized 
at  the  load  is  doubled.  In  order  to  maintain 
the  same  output  voltage  (instantaneous,  not 
average),  as  at  (2),  however,  each  half  of  the 
transformer  secondary  must  be  wound  for 
the  same  voltage  as  that  furnished  by  the 
whole  winding  in  (2) ;  or  conversely,  the  total 
transformer  voltage  with  the  connections 
shown  in  (3)  must  be  twice  the  desired  output 
voltage. 


Fig.  1101  —  Fundamental  rectifier  circuits.  At  (1)  is 
the  conventional  representation  of  the  a.c.  wave;  (2) 
shows  a  balf-wave  rectifier;  (3)  is  the  full-wave  center- 
tap  system,  and  (4)  is  the  "bridge”  rectifier.  The  output 
waveform  of  each  type  of  rectifier  is  shown  at  the  right. 
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On  the  other  hand,  because  of  the  relatively 
large  gaps  in  the  output  of  the  half-wave 
rectifier  (2),  considerably  more  filtering  is  re- 
quired  to  provide  a  pure  unvarying  output. 

The  bridge  circuit  is  useful  in  cases  where 
the  transformer  secondary  has  no  center  tap 
or  where  it  is  desired  to  take  advantage  of  the 
full  secondary  voltage.  Itmust  be  remembered, 
however,  that  the  power  output  obtainable 
with  a  given  transformer  is  the  same  in  the 
case  of  either  (3)  or  (4).  When  the  circuit  of  (4) 
is  used  with  a  center-tapped  transformer,  its 
current  rating  must  be  cut  in  half.  Four 
rectifier  elements,  instead  of  two,  are  required 
for  this  circuit. 

•  VACUUM-TUBE  RECTIFIERS 

Practically  all  rectifiers  in  use  today  by  ama¬ 
teurs  are  of  the  vacuum-tube  type.  Standard 
types  are  listed  in  the  tube  tables  of  Chapter 
20  together  with  their  ratings.  In  the  smaller 
sizes,  the  tubes  are  generally  manufactured  as 
full-wave  rectifiers.  Tubes  for  high  voltages 
are  always  half-wave  rectifiers;  two  of  them 
are  needed  for  the  center-tap  system. 


Fig.  1102  —  This  smal)  unit  delivers  480  volts  at  full- 
load  current  of  130  ma.  with  0.3%  ripple  and  measured 
regulation  of  17%.  By  converting  to  choke-input  filter 
hy  inserting  a  similar  choke  between  rectifier  and  pres¬ 
ent  filter,  the  output  voltage  would  be  reduced  to  about 
300  volts.  The  chassis  measures  7  in.  by  9  in.  by  2  in. 
All  exposed  component  terminals  are  underneath  the 
chassis.  Filament  and  plate  terminals  are  brought  out 
to  a  5-prong  socket. 

Refer  to  Circuit  A,  Fig.  1117 
Tr  —  Combination  transformer:  High-voltage  winding 
delivering  400  v.  r.m.s.  each  side  of  center; 
Rectifier  filament  winding,  5v.,  3  a.;  R.F.  fila¬ 
ment  winding,  6.3  v.,  6  a.  (Utab  type  Y616). 

T  —  Type  83. 

L  —  Filter  choke,  10  hys.,  175  ma.,  100  ohms  (Utah 
type  4667). 

Ci  —  4  /ifds.,  600  v.,  Electrolytic  (Mallory  HS691). 

Ca  —  8  afds.,  600  v.,  Electrolytic  (Mallory  HS693). 

R  —  15,000  ohms,  25  watts. 
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High-Vacuum  Rectifier  Tubes 

The  use  of  tubes  of  the  high-vacuum  type  by 
amateurs  is  usually  confined  to  power  supplies 
for  receivers  and  low-power  transmitter  stages. 
The  voltage  drop  through  a  rectifier  of  this 
type  varies  with  the  load  current  and  is  higher 
than  that  through  a  mercury-vapor  tube,  al- 
though  certain  types  of  the  former  with  closely- 
spaced  elements  also  involve  a  low  voltage 
drop  at  moderate  currents.  High-vacuum 
rectifiers  are  less  critical  as  to  operating 
temperature  than  the  mercury-vapor  types. 
All  low-voltage  high-vacuum  types  are  de- 
signed  to  work  at  the  specified  ratings  with 
either  condenser-  or  choke-input  filters.  The 
relatively  high  internal  resistance  of  tubes  of 
this  type  make  them  less  susceptible  to  serious 
damage  from  heavy  overloads  of  short  dura- 
tion. 


Mercury-Vapor  Rectifiers 

While  either  high-vacuum  or  mercury-vapor 
tubes  may  be  used  at  low  voltages,  the  mer¬ 
cury-vapor  type  is  today  the  universal  favor- 
ite  for  high  voltages.  The  voltage  drop  in 
these  tubes  is  practically  constant  at  about  15 
volts,  regardless  of  the  load  current,  which 
makes  them  more  efficiënt  and  provides  better 
voltage  regulation  than  the  high-vacuum  types. 
They  are  more  critical  as  to  operating  condi- 
tions,  however,  and  more  susceptible  to  per¬ 
manent  damage  through  overloads  of  short 
duration.  In  operation,  tubes  of  this  type  may 
develop  “hash”-type  interference  to  near-by 
receivers  unless  suitable  precautions  are  taken. 

While  the  lower-voltage  types  are  usually 
manufactured  in  the  full-wave  type  and  rated 
according  to  r.m.s.  plate  voltage  impressed, 
regardless  of  the  type  of  filter  used,  the  higher- 
voltage  types  are  half-wave  rectifiers  and  are 
rated  according  to  inverse  peak  voltage  and 
peak  plate  current  as  well  as  average  plate 
current,  and  the  design  of  the  filter  must  be 
taken  into  account  in  determining  the  safe 
maximum  operating  conditions. 

With  a  properly  designed  choke-input  filter, 
the  peak  plate  current  may  not  be  much 
greater  than  the  load  current,  while  with  a 
condenser-input  filter  the  peak  plate  current 
may  be  many  times  the  load  current. 

While  both  types  of  rectifier  tubes  should  be 
operated  at  the  rated  filament  voltage  as 
measured  right  at  the  tube  socket,  the  oper¬ 
ating  voltage  of  the  mercury-vapor  type  is 
more  critical  if  normal  life  is  to  be  expected. 
When  first  installed,  or  after  long  periods  of 
idleness,  the  filament  should  be  turned  on  for 
a  period  of  10  minutes  or  so  before  applying 
plate  voltage.  If  the  filaments  are  turned  ofi 
during  stand-by  periods  in  operating,  the 


filament  voltage  should  be  applied  about  15 
seconds  before  the  plate  voltage. 

•  FILTERS 

In  addition  to  the  primary  function  of  a  fil¬ 
ter,  which  is  to  smooth  out  the  pulsations  of  volt¬ 
age  delivered  to  it  by  the  rectifier,  the  design 
of  the  filter  affects  the  regulation  of  the  output 
voltage  and  the  ratio  of  rectifier  peak  plate 
current  to  the  load  current.  A  low  ratio  of  peak 
rectifier  plate  current  to  load  current  is  de- 
sirable  to  assure  normal  tube  life,  especially 
when  high-voltage  rectifiers  are  being  operat- 
ed  near  maximum  rated  load  currents.  Good 
voltage  regulation  is  desirable  in  most  trans- 
mitter  applications,  especially  in  the  cases  of 
self-controlled  oscillators  and  Class-B  modu¬ 
lators,  although  it  is  of  less  importance  in  the 
case  of  crystal  oscillators  (unless  keyed),  low- 
power  amplifier  stages  and  circuits  where  the 
load  upon  the  power  supply  is  more  or  less 
constant.  Poor  voltage  regulation  is  sometimes 
responsible  for  key  clicks.  A  regulation  of  10 
per  cent  or  less  is  considered  excellent. 

Experience  has  shown  that  a  ripple  per¬ 
centage  of  5  per  cent  or  less  will  give  “pure 
d.c.”  for  c.w.  telegraphy  if  the  transmitter  has 
high-frequency  stability;  for  radiotelephony 
and  self-controlled  oscillators,  the  ripple  per¬ 
centage  should  be  0.25  per  cent  or  less,  while 
even  a  lower  percentage  of  ripple  is  often  found 
desirable  in  receiver  and  speech-amplifier 
service. 


The  Condenser-input  Filter 

The  circuit  of  the  condenser-input  filter  is 
shown  in  Fig.  1103A.  No  simple  formulas  are 
available  for  computing  the  ripple  with  a  filter 
of  this  type,  but  experience  has  shown  that  it 
will  give  excellent  smoothing  if  each  con- 
denser  is  4  to  8  pfds.  and  if  the  choke  has  an 
inductance  of  20  to  30  hys.  Mercury-vapor 
tubes  which  are  designed  to  operate  at  specified 
ratings  with  condenser  input  are  indicated 
in  the  table  of  rectifier  tubes.  With  tubes  such 
as  the  866,  866A  and  872,  the  load  current 
must  be  kept  down  to  25  per  cent  of  the  rated 
peak  plate  current  of  a  single  tube  to  prevent 
exceeding  the  peak  plate-current  rating. 

Voltage  regulation  is  usually  poorer  with  the 
condenser-input  filter  than  with  a  choke-input 
filter,  ranging  from  15  per  cent  upwards.  The 
output  voltage  with  light  loads  will  approach 
the  peak  transformer  voltage  (1.4  times  the 
r.m.s.  value),  dropping  to  the  r.m.s.  value,  or 
somewhat  lower,  with  heavy  loads.  The  com- 
parative  high  voltage  obtained  with  this  Sys¬ 
tem  is  its  advantage  over  the  choke-input 
system. 

Filter  eondensers  must  be  rated  to  with- 
stand  the  peak  transformer  voltage. 
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Choke-input  Filters 


The  circuit  of  a  single-section  choke-input 
filter  is  shown  in  Fig.  1103B.  A  close  approxi- 
mation  of  the  ripple  to  be  expected  at  the  out¬ 
put  of  the  filter  is  given  by  the  formula: 
Single  )  '  100) 

Section  >  %  Ripple  =  777- 
Filter  j  LL 


where  L  is  in  henrys  and  C  in  pfds.  From  this, 
it  may  be  calculated  that  the  product  LC  must 
be  equal  to  or  greater  than  20  to  reduce  the 
ripple  to  5  per  cent  or  less.  This  figure  repre- 
sents,  in  most  cases,  the  economical  limit  for 
the  single-section  filter.  Smaller  percentages 
of  ripple  are  usually  most  economically  ob¬ 
tained  with  the  two-section  filter  of  Fig.  1103C. 
The  ripple  percentage  with  this  arrangement  is 
given  by  the  formula: 


Two 

Section 

Filter 


%  Ripple 


650 

LxU  (Cj  +  Cj)2 


For  a  ripple  of  0.25  per  cent  or  less,  the 
denominator  should  be  2600  or  greater. 


The  Input  Choke 

The  maximum  rectifier  peak  plate  current, 
which  in  a  correctly  designed  supply  occurs 
simultaneously  with  maximum  load  current, 
may  be  prevented  from  rising  above  the  peak 
rating  by  the  use  of  a  choke-input  filter  with 
an  input  choke  of  a  certain  minimum  induct¬ 
ance  called  the  critical  inductance.  This 
inductance  in  henrys  is  proportional  to  the 
load  resistance  in  ohms  and  is  given  by: 

Load  resistance, 

L,ri> '  “  ÏÖÖÖ 

the  load  resistance  being  the  total  including 
the  bleeder  resistance.  This  formula  gives  the 
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minimum  inductance  value  which  should  be 
used.  An  increase  in  inductance  will  cause  a 
further  decrease  in  the  ratio  of  peak-to-average 
plate  current,  especially  up  to  a  point  where 
the  inductance  is  twice  the  critica!  value.  This 
second  value  is  called  the  optimum  value.  The 
critical  value  is  independent  of  the  filter- 
circuit  constants  which  follow,  whose  sole 
function  is  the  further  reduction  of  ripple. 

A  choke  of  critical  inductance  or  greater  also 
has  the  desirable  effect  of  greatly  improving 
the  regulation  of  the  output  voltage.  With  less 
than  the  critical  value,  the  filter  tends  to 
assume  the  characteristics  of  the  condenser- 
input  filter. 

The  Bleeder  Resistance 

It  has  been  said  that  the  critical  value  of  in¬ 
ductance  varies  with  the  load  resistance.  The 
maintenance  of  the  critical  value  for  loads  so 
light  that  the  current  does  not  approach  the 
maximum  rated  average  is  not  so  important 
from  the  standpoint  of  rectifier-tube  peak 
plate  current,  but  it  is  important  when  the 
regulation  of  the  supply  is  considered.  If 
good  regulation  is  to  be  maintained,  the  supply 
must  always  be  connected  to  a  minimum  load 
which  will  permit  the  use  of  some  reasonable 
value  for  critical  inductance.  This  minimum 
load  is  usually  provided  by  the  selection  of  a 
suitable  value  of  resistance  for  the  bleeder 
which  is  so  important  in  safeguarding  against 
the  danger  of  injury  from  undischarged  filter 
condensers.  The  bleeder  resistance  in  ohms 
should  be  not  greater  than  1000  times  the 
inductance  of  the  choke  in  henrys  at  maximum 
swing  for  best  voltage  regulation.  Where  best 
regulation  is  of  less  importance,  the  bleeder 
resistance  may  be  increased  to  reduce  the 
power  consumed. 

The  Swinging  Choke 

A  choke  which  would  provide  critical  in¬ 
ductance  for  a  reasonably  high  value  of  bleeder 
resistance  and  maintain  this  high  inductance 
at  maximum  load  would  be  an  expensive  item. 
In  the  swinging  choke,  advantage  is  taken  of 
the  fact  that  the  critical  value  of  inductance 
decreases  in  proportion  to  the  decrease  in 
load  from  the  minimum  bleeder  load  to  maxi¬ 
mum  rated  load  to  the  supply.  The  swinging 
choke  is  designed  to  maintain  the  critical 
value,  or  a  greater  value,  automatically  over 
some  specified  range,  the  inductance  falling  as 
the  load  is  increased. 

Since  the  choice  of  choke  inductance  values 
is  comparatively  limited,  a  choke  with  a 
minimum  inductance  equal  to,  or  greater  than, 
the  critical  value  for  the  maximum  load  is 
usually  selected  and  the  bleeder  resistance 
selected  so  that  the  inductance  of  the  choke  at 
maximum  swing  is  the  critical  value  for  the 
bleeder  load. 
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Filter  Output  Condensor 

If  the  power-supply  unit  is  to  be  used  to 
supply  a  plate-modulated  amplifier  the  react- 
ance  of  the  power-supply  output  condenser 
should  be  low  (not  greater  than  about  20  per 
cent)  in  comparison  to  the  load  resistance  at 
the  lowest  audio  frequency  to  be  transmitted. 
Since  a  low  ripple  usually  requires  a  capacity 
of  at  least  4  /ids.  with  available  Standard 
chokes,  and  since  the  reactance  of  a  capacity 
of  this  value  will  be  low  for  all  but  the  lowest 
load  resistances  normally  encountered,  this 
value  is  usually  recommended  for  the  output 
condenser  of  a  power-supply  intended  for  all- 
around  use.  Low-voltage  high-current  supplies 
require  a  somewhat  higher  capacity,  8  *ifds. 
being  a  popular  figure. 

25-  and  50-Cycle  Supply 

The  filter  design  data  just  given  are,  as  pre- 
viously  mentioned,  applicable  only  to  full- 
wave  rectifiers  working  from  a  60-cycIe  supply 
line.  For  lower  frequencies,  both  inductance 
and  capacity  must  be  increased  in  proportion 
to  the  decrease  in  frequency  to  maintain  the 
same  reduction  in  ripple.  After  following 
through  the  design  for  60  cycles,  the  inductance 
and  capacity  values  obtained  should  both  be 
multiplied  by  2.4  to  obtain  the  values  necessary 
for  25  cycles;  for  50  cycles  the  multiplying 
factor  is  1.2.  In  practice,  the  60-cycle  design 
usually  will  be  found  to  be  usable  for  50  cycles 
also. 

•  EXAMPLE  OF  POWER-SUPPLY  DESIGN 

As  an  example,  we  shall  determine  the  de¬ 
sign  data  for  a  supply  for  a  pair  of  RKöl’s 
which,  according  to  rating,  require  1500  volts, 
150  ma.,  each,  or  300  ma.  for  the  pair.  The 
power  supply  must  have  good  regulation  and  a 
ripple  of  less  than  0.25  per  cent. 

1.  Total  Load  Resistance 

First,  let  us  assume  that  the  bleeder  re¬ 
sistance  will  draw  about  20  per  cent  of  the 
external  load  of  300  ma.  or  60  ma.  This  means 
that  the  maximum  current  for  which  the  sup¬ 
ply  must  be  rated  is  360  ma.  This  total  repre- 

sents  a  minimum  load  resistance  of  -  or 

0.36 

4166  ohms. 

Total  load  resistance:  4166  ohms. 

2.  Input  Choke 

The  critical  value  of  the  input  choke  will, 
therefore,  be  =4.16  henrys,  the  mini¬ 
mum  inductance  permissible.  We  find  that  we 
can  purchase  a  choke  swinging  from  5  to  25 
henrys  designed  to  carry  a  current  of  400  ma. 
lts  resistance  is  given  as  60  ohms. 

Input  choke:  6-26  hys.,  400  ma., 
60  ohms. 
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Fig.  1104  —  This  unit  delivere  either  450 
or  560  volts  at  full-Ioad  current  of  200  ma. 
with  0.3%  ripple  and  measured  regulation 
of  16%.  Tape  are  provided  on  the  trans- 
former  secondary  for  the  lower  volta  ge. 
The  chassis  is  8  in.  hy  17  in.  hy  2  in.  and 
the  panel  8M  in.  hy  19  in.  Only  the  ter¬ 
minals  of  the  filament  transfonner  and 
chokes  appear  above  tbe  chassis  and  these 
units  are  placed  so  that  there  is  little  danger 
of  accidental  contact.  A  rubber-tuhing 
sleeve  should  be  used  to  protect  the  ex- 
posed  high-voltage  terminal. 

Refer  to  Circuit  B,  Fig.  1117 
Tri  —  Secondary:  660  and  550  v.  r.m.s. 
each  side  center,  250  ma.  d.c.  rat¬ 
ing  (Thordarson  type  T19P55). 
Tr2  —  5  v.,  4  a.,  1600  v.  insulation  (Thor¬ 
darson  type  T63F99). 

T  —  Type  83. 

Li  —  5-20  hys.,  200  ma.,  130 ohms  (Thor¬ 
darson  type  T19C35). 

L2  —  12  hys-,  200  ma.,  130  ohms  (Thor¬ 
darson  type  T19C42). 


Cl  — 2  nfds.,  1000  v.  (Solar  type  XC-12). 

C2  —  Sfifds.  Electrolytic,  600  v.  (Solar  ZV-278). 
R  —  20,000  ohms,  25  watts. 


Ci  +  4  =  square  root  of  52  =  7.5 

Ci  =  7.5  -  4  =  3.5 

A  second  4-pfd.  condenser  will  be  required  for 


3.  Bleeder  Resistance 


the  first  filter  condenser  and  the  filter  design  is 


The  bleeder  resistance  should  be  1000  X  25  complete. 


or  25,000  ohms  to  maintain  the  correct  load 
resistance  for  the  choke  when  the  external  load 
is  removed.  A  25,000-ohm  bleeder  draws  ex- 
actly  60  ma.  at  1500  volts,  so  our  original  esti- 
mate  was  correct.  The  bleeder  power  rating  is 
determined  by  1500  X  0.06  *=  90  watts.  Ap- 
plying  a  safety  factor  we  choose: 

Bleeder  resistance:  25,000  ohms, 
150  watts. 

4.  Output  Condenser 

The  output  condenser  should  have  a  ca- 
pacity  of  4  iifds.  Approximately  20  per  cent 
should  be  added  to  the  d.c.  output  voltage  in 
determining  the  voltage  rating  of  the  condenser 
to  include  safety  factor,  rise  in  voltage  within 
the  limits  of  regulation,  surges,  accidental 
opening  of  bleeder,  etc.  The  voltage  rating 
should  therefore  be  1.2  X  1500  or  1800  volts. 


First  filter  condenser:  4  nfds.,  2000  v. 
7.  Transformer 

We  next  take  the  transformer.  We  want  an 
output  terminal  voltage  of  1500  d.c.  We  have 
in  series  with  the  load  2  chokes  with  a  total 
resistance  of  120  ohms.  At  360  ma.,  the  voltage 
drop  across  these  chokes  will  be  0.36  X  120  or 
43  volts.  Assuming  the  use  of  mercury-vapor 
rectifiers,  the  rectifier  drop  will  be  15  volts 
(load  being  drawn  through  one  tube  at  a  time). 
The  total  drop  is,  therefore,  58  volts.  This  must 
be  added  to  1500  to  give  1558  volts  average. 
The  r.m.s.  value  of  the  required  transformer 
secondary  voltage  each  side  of  center  tap  for  a 
full-wave  rectifier  is  1558  X  1.11  or  1730  volts. 

The  transformer  secondary  volt-ampere  rat¬ 
ing  may  be  determined  from: 


Since  intermediate  ratings  are  seldom  found, 
the  2000-volt  rating  will  be  chosen. 

Output  condenser:  4  v-fds.,  2000  v. 


5.  Smoothing  Choke 

For  a  ripple  of  0.25  per  cent  with  a  two- 
section  filter,  L1L2  (C 1  +  Cf)*  must  equal  at 
least  2600  (see  ripple  formula).  L\  and  C2  are 
known.  We  can  now  select  from  the  manufac- 
turer’s  list  a  smoothing  choke  for  400  ma. 
A  smoothing  choke  of  10  hys.,  rated  at  400  ma., 
resistance  60  ohms,  is  obtainable,  and  we  now 
have  all  but  Cj. 

Smoothing  choke:  10  hys.,  400  ma., 
60  ohms. 

6.  First  Filter  Condenser 

So,  using  the  formula,  we  now  have: 

(5)  (10)  (Ci  +  4)*  =  2600 


(Ci  +  4)* 


2600 

50 


52 


Sec.  V-A.  =  Total  Erm,  X  I  X  0.75 

where  E  rmt  is  twice  the  r.m.s.  voltage  of  each 
half  of  the  secondary  and  I  is  the  d.c.  output  or 
average  current.  In  our  case, 

Sec. V-A.  =  1730  X  2  X  0.36  X  0.75  =  934  v-a. 

Transformer:  900  v-a.,  1730  r.m.s.  each 
side  of  center  tap,  360  ma.,  d.c.  or  load  current. 

8.  Rectifier  Tubes 

The  peak  inverse  voltage  will  be  2  X  1730 
X  1.4  or  4850  volts  which  is  well  within  the 
rating  of  the  866  type.  The  average  current  of 
360  ma.  is  also  well  within  the  average-current 
rating  of  the  866.  Rectifier  tubes:  type  866 

9.  Rectifier  Filament  Transformer 

The  rectifier  filament  transformer  should 
have  a  secondary  rated  at  2.5  v.,  10  a.  and 
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should  have  a  tap  at  the  center.  The  secondary 

winding  should  be  insulated  for  at  least  two  or 
three  times  the  output  voltage. 

Filter  Condensers 

Two  types  of  filter  condensers  are  com- 
monly  available:  electrolytic  condensers  and 
condensers  using  paper  as  the  dielectric.  Elec¬ 
trolytic  types  have  the  advantage  of  high 
capacity  and  small  physical  size.  They  are  rela- 
tively  inexpensive,  but  in  the  present  state  of 
the  art  are  unobtainable  for  voltages  in  excess 
of  600.  “Wet”  types  of  electrolytics  will  stand 
tempo rary  overloads  better  than  the  “dry” 
type  because  the  leakage,  which  is  characteris- 
tic  of  all  electrolytic  condensers,  will  increase. 
Either  type  will  be  satisfactory  for  condenser- 
input  filters  with  transformers  delivering  not 
over  350  volts  each  side  of  center  tap.  Elec¬ 
trolytic  condensers  can  be  obtained  in  various 
capacities;  8  pfd.  is  a  popular  size. 

If  the  maximum  voltage  of  the  power  supply 
is  greater  than  the  rating  of  a  single  electrolytic 
condenser,  two  units  may  be  placed  in  series 
to  handle  the  higher  voltage. 

Electrolytic  condensers  are  suitable  for  use 
only  in  d.c.  circuits,  and  must  be  connected 
correctly.  In  the  types  having  a  metal  con¬ 
tainer,  the  container  usually  is  the  negative 
terminal  while  the  stud  terminal  is  positive. 
A  popular  condenser  for  series  connection  is 
the  doublé  8  pfd.  condenser  having  four  leads 
—  the  can  being  insulated  from  the  condenser, 
in  this  case,  and  the  negative  leads  are  usually 
black.  In  any  event  the  polarities  are  always 
plainly  marked.  Reversing  the  polarity  will 
ruin  the  condenser. 

Condensers  having  a  working-voltage  rating 
equal  to  the  highest  output  voltage  of  the 
power-supply  system  (see  discussion  on  con- 
denser-input  filters)  always  should  be  pur- 
chased.  Paper  condensers  can  be  purchased 
with  voltage  ratings  up  to  3000  volts  and  more. 
High-voltage  condensers  of  modern  design 
should  be  purchased  from  reputable  dealers; 
it  does  not  pay  to  “economize”  by  buying  a 
cheap  high-voltage  condenser.  Although  the 


first  oost  of  a  good  condenser  may  be  higher, 

it  will  last  indefinitely  if  not  abused.  Poor  con¬ 
densers  may  work  for  a  time,  but  eventually 
may  “blow”  and  have  to  be  replaced.  Failure 
of  a  high-voltage  condenser  may  also  mean  the 
destruction  of  the  rectifier  tubes. 

Filter  Chokes 

The  inductance  of  a  choke  will  vary  with 
the  current  through  it  and  with  the  value  of  the 
ripple  voltage  impressed  on  it  in  the  filter;  in¬ 
ductance  decreases  with  increasing  direct  cur¬ 
rent  and  with  decreasing  ripple  voltage.  In 
purchasing  a  choke  information  should  be  ob¬ 
tained  as  to  its  actual  smoothing  inductance  at 
full  d.c.  load  current. 

Most  of  the  small  chokes  obtainable  from 
radio  dealers  are  given  a  commercial  rating  of 
20  or  30  henrys.  This  rating  is  meaningless  un- 
less  the  conditions  under  which  the  choke’s 
inductance  was  measured  are  stated.  Fortu- 
nately  the  smaller  chokes  are  inexpensive  and 
usually  have  enough  inductance  to  work  quite 
well  in  condenser-input  filters;  it  is  better,  how- 
ever,  to  buy  a  choke  of  good  make  than  to  trust 
to  luck  with  a  cheap,  but  unknown,  product. 

It  must  be  realized  that  the  design  formulas 
given  previously  are  based  on  actual  inductance 
under  load  conditions;  an  over-rated  choke  will 
nullify  the  calculations  and  probably  lead  to 
an  entirely  different  order  of  performance. 

•  SPECIAL  ADAPTATIONS 

Figs.  1105,  1106,  1107,  1108  and  1109  show 
special  power-supply  arrangements  which  may 
make  it  possible  to  economize  in  the  cost  of 
apparatus  under  certain  circumstances. 

In  Fig.  1105  a  bridge  rectifier  is  used  to  ob- 
tain  the  full  transformer  voltage  for  a  high- 
voltage  stage,  while  a  connection  is  also 
brought  out  from  the  center  tap  to  obtain  a 
second  voltage  corresponding  to  half  the  total 
transformer  secondary  voltage  for  a  driver  or 
some  other  purpose. 

êl\  plus  Ii,  where  I\  is  the  current  drawn 
from  the  high-voltage  tap  and  7  2  that  drawn 
from  the  low-voltage  tap  should  not  exceed 


Fig.  1105  —  High-power  bridge  rec- 
tifier  circuit  delivering  two  voltages 
provided  the  plate  transformer  is  cen- 
ter-tapped.  When  the  center-tap  filter 
shown  in  dotted  lines  ia  used,  a  tap  at 
half  maximum  voltage  with  good 
regulation  is  provided.  The  current 
drawn  from  boih  taps  should  not 
exceed  500  ma.  if  866’s  are  used  or 
2500  ma.  if  872’s  are  used.  See  text 
for  transformer  ratings,  etc. 
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Fig.  1106  —  Duplex  plate  supply  using  83’s.  Filter 
values  determined  for  load  to  be  used  acrosB  each  set  of 
terminals  according  to  design  procedure  in  text.  Trans- 
former  must  be  rated  to  deliver  total  current  drawn 
from  both  branches. 


the  d.c.  current  rating  of  the  transformer.  The 
sum  of  the  currents  drawn  from  the  two  taps 
should  not  exceed  the  d.c.  rating  of  the  rectifier 
tubes.  Filter  values  for  each  tap  should  be 
computed  separately  as  described  previously. 

Fig.  1106  shows  a  similar  arrangement  using 
three  type  83  rectifiers. 

Fig.  1107  shows  how  a  transformer  with 
multiple  secondary  taps  may  be  used  to  obtain 
both  high  and  low  voltages  simultaneously.  A 
separate  full-wave  rectifier  is  used  at  each  tap. 
The  filter  chokes  are  placed  in  the  common 
negative  lead,  but  separate  filter  condensers 
are  required.  Here  the  sum  of  the  currents 
drawn  from  each  tap  must  not  exceed  the 
transformer  rating  and  the  chokes  must  be 
rated  to  carry  the  total  load  current.  Each 
bleeder  resistance  should  have  a  value  in  ohms 
of  1000  times  the  maximum  rated  inductance 
in  henrys  of  the  swinging  choke,  L\  for  best 
regulation. 

Fig.  1108  shows  the  connection  of  866’s  in 
parallel  in  a  full-wave  rectifier  for  heavier 
currents  than  may  be  handled  by  single  tubes. 
So  far  as  the  rectifier  tubes  are  concerned,  the 
current  rating  is  doubled  and  the  tubes  will 
handle  1000  ma.  with  a  choke-input  filter  or 
500  ma.  with  a  condenser-input  filter.  The 
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resistances  in  the  plate  circuits  should  be  no 
higher  than  is  necessary  to  make  the  tubes 
divide  the  load  evenly;  50  to  100  ohms  is 
usually  sufficiënt. 

Transformer s  and  Rectifiers  in  Series 

Under  certain  circumstances,  it  is  sometimes 
possible  to  reduce  the  cost  of  a 
— o  ,  high  voltage  supply  by  connect- 
j  ing  two  similar  lower  voltage 
R  /om  v-  supplies  or  transformer-rectifier 
units  in  series.  Such  a  circuit  is 
shown  in  Fig.  1109.  A  pair  of  in- 
— °  - -J-  expensive  600  volt,  200  ma.  trans- 
R'  s™v  formers  and  type  83  rectifiers 
+  ’  may  be  used  in  this  manner  to 
deliver  a  d.c.  output  voltage 
through  the  filter  of  about  1000  volts.  Since  the 
winding  of  the  transformer  on  the  positive  side 
is  at  a  higher  poten tial  than  normal,  some  care 
should  be  taken  to  select  a  transformer  with 
good  insulation.  Most  transformers  of  reliable 
manufacture  will  have  sufficiënt  insulation,  at 
least  those  with  output  voltage  ratings  of  600 
volts  or  less  each  side  of  center-tap. 

Low-Percentage  Voltage  Regulation 

For  certain  purposes,  such  as  furnishing  volt¬ 
age  to  operate  a  self-controlled  oscillator  at  low 
power  in  a  transmitter  or  for  the  oscillator  and 
mixer  stages  in  a  reeeiver,  a  power  supply  with 
voltage  regulation  as  near  zero  as  possible  may 
be  required  for  maximum  frequency  stability. 
One  of  the  most  satisfactory  ways  of  obtaining 
this  order  of  regulation  is  by  the  use  of  gaseous 
voltage-regulator  tubes  of  the  VR  type. 

These  tubes,  which  are  obtainable  for  several 
different  voltages,  are  designed  to  maintain  a 
constant  voltage  drop  across  the  terminals 
when  connected  as  shown  in  the  diagrams  of 
Fig.  1111.  This  constant  voltage  drop  is  main- 
tained  because  a  property  of  the  tube  causes  its 
internal  resistance  to  change  in  almost  exact 
inverse  proportion  to  the  change  in  voltage 
across  it.  As  the  voltage  across  the  tube  tends 
to  increase,  its  internal  resistance  decreases, 
more  current  is  drawn  through  the  limiting 
resistor,  R\,  and  the  voltage  across  the  tube  is 
maintained  constant.  Conversely,  if  the  volt¬ 
age  across  the  tube  tends  to  decrease,  the 


Fig.  1107  —  A  power-supply  circuit  in  which 
a  single  transformer  and  set  of  chokes  serve  for 
different  voltages.  Chokes  and  transformer  must 
be  designed  to  handle  total  load. 
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Fig.  1108 —  Using  866*8  in  parallel  to  doublé  the 
current  rating.  In  this  arrangement  866’s  will  deliver 
1000  ma.  provided  the  transformer  and  swinging  choke 
used  will  handle  the  capacity.  Note  the  low  resistance 
equalizing  resistors  in  the  plale  leads. 

internal  resistance  increases,  less  current  is 
drawn  through  R\  and  again  the  voltage 
across  the  tube  remains  constant. 

The  limiting  factors  involved  are  the  start- 
ing  voltage,  which  is  the  voltage  at  which  the 

Fig.  1110  —  This  supply  delivers  either 
620  or  780  volts  at  full-load  current  of 
260  ma.  with  0.4%  ripple  and  regulation 
of  22%.  Voltage  is  changed  hy  a  tap  on 
the  pl a te- transformer  primary  winding. 

All  exposed  component  terminals  are 
underneatb  the  chassis.  The  panel  is  8% 
in.  by  17  in.  and  the  chassis  8  in.  by  19  in. 
by  2  in.  A  rubber-tubing  sleeve  should 
be  used  to  cover  the  exposed  bigh -vol¬ 
tage  terminal. 

Refer  to  Circuit  C  in  Fig.  1117 
Tri  —  925  or  740  v.  r.m.s.  each  side  cen¬ 
ter,  300  ma.  d.c.  (Kenyon  T656). 

Tr2  —  2.5  v.,  10  a.,  2000  v.  insulation 
(Kenyon  type  T352). 

T  —  Taylor  866  jr. 

Li  —  6-19  hys.,  300  ma.,  125  ohms  (Ken¬ 
yon  T510). 

L2  — 11  hys.,  300  ma.,  125  ohms  (Kenyon 
T166). 

Ci  —  2  ^ifds.,  1000  v.  (Sprague  OT21). 

C2  —  4  /ifds.,  1000  v.  (Sprague  OT41). 

R  — 20,000  ohms,  50  watts. 


11e  between  5  and  10  ma.,  depending  upon  the 
type,  while  the  maximum-current  rating  is  30 
ma.  for  most  types.  It  is  the  purpose  of  R\ 
to  prevent  the  current  from  exceeding  this 
rating.  The  resistance  value  to  be  used  for  Ri 
will  depend  somewhat  upon  the  nature  of  the 
load  current  to  be  drawn  from  the  regulated 
tap  as  well  as  upon  the  voltage  rating  of  the 
VR  tube  and  the  power  supply. 

In  the  first  case,  the  regulated  tap  may  be 
used  to  feed  a  load  which  varies  from  zero  to 
some  definite  figure,  such  as  the  plate  circuit 
of  an  e.c.o.  which  is  keyed.  With  the  key 
open,  the  load  is  zero  and  the  VR  tube  will 
have  to  consume  the  entire  load.  Since  this  is 
limited  to  a  maximum  of  30  ma.,  R\  will  have 
to  have  such  a  value  that  the  drop  through  it  at 
30  ma.  will  equal  the  difference  between  the 
supply  voltage  and  the  voltage  rating  of  the 
VR  tube.  Since  a  minimum  current  of  5  to  10 
ma.  is  required  to  maintain  operation  of  the 


tube  will  start  to  conduct  and  which  is  some¬ 
what  higher  than  the  operating  voltage;  the 
minimum  current  through  the  tube  which  will 
maintain  the  circuit  through  the  tube  and  the 
maximum  safe  current  which  the  tube  will 
handle. 

The  voltage  of  the  power  supply  across 
which  the  tube  and  limiting  resistance  are 
connected,  must  be  as  great  or  greater  than 
the  starting  voltage.  The  minimum  currents 
at  which  the  tubes  will  operate  satisfactorily 


VR  tube,  the  plate  current  of  the  e.c.o.  tube 
must  not  exceed  20  to  25  ma.,  otherwise,  the 
VR  tube  will  open-circuit  and  regulation  will 
be  lost.  The  VR  tube  will,  in  this  case,  provide 
constant  voltage  with  a  load  current  of  from 
zero  to  20  or  25  ma. 

In  a  second  case,  we  may  have  a  continuous 
load,  such  as  the  screen  voltage-divider  re¬ 
sistance  of  the  e.c.o.  in  addition  to  the  in- 
termittent  load  of  the  plate  and  screen  cur¬ 
rents.  In  calculating  the  value  of  resistance  for 


Fig.  1109  —  Two  transformers  and  rec- 
tificrs  connected  in  series  to  give  higher  out¬ 
put  voltage. 
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Ri  in  this  case,  the  voltage-divider  current 
should  be  added  to  the  30  ma.  In  this  case,  the 
VR  tube  provides  a  constant  voltage  with  a 
load-current  range  extending  from  the  steady 
current  drawn  by  the  voltage  divider  to  this 
value  plus  20  or  25  ma.  Similarly,  Z£i  should  be 
calculated  for  any  value  of  steady  current 
which  is  to  be  drawn  from  the  regulated  tap 
plus  the  maximum  rated  current  of  the  VR 
tube. 

In  a  third  case,  we  may  have  a  load  current 
which  is  more  or  less  constant,  but  which  may 
vary  either  up  or  down  in  value.  This  applies 
to  the  case  of  regulated  supply  for  a  receiver, 
unless  the  gain  control  may  cause  the  load 
current  to  change  more  in  one  direction  than 
the  other.  In  cases  such  as  this,  and  in  the  case 
of  compensation  for  changes  in  line  voltage, 
it  is  best  to  calculate  the  dropping  resistance 
using  the  normal  average  current  drawn  by 
the  receiver  stages  operating  from  the  regu¬ 
lated  tap  plus  one-half  the  rated  current  of  the 
VR  tube.  This  will  allow  more-limited  com¬ 
pensation  in  one  direction,  but  it  will  take  care 
of  both  increases  and  decreases  in  load  cur¬ 
rent  from  the  average.  Effects  of  the  gain 
control  may  be  taken  care  of  by  measuring 
the  normal  current  to  be  drawn  from  the  regu¬ 
lated  tap  with  the  gain  in  an  intermediate 
position. 

When  the  regulated  voltage  desired  is  higher 
than  the  voltage  of  one  tube,  a  tube  with  a 
higher  voltage  rating  may  be  used,  or  tubes 
may  be  connected  in  series  as  shown  in  Fig. 
111B.  The  power-supply  voltage  must,  of 
course,  be  equal  to  or  greater  than  the  com- 
bined  starting  voltages  of  the  tubes  in  series. 
When  the  load-current  variation  exceeds  that 
which  a  single  tube  will  handle,  tubes  may  be 
connected  in  parallel,  or  series-parallel  for 
higher  current  and  higher  voltage  as  shown  in 
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Fig.  1111C  and  D.  When  connecting  tubes  in 
parallel,  it  may  be  necessary  to  connect  equal- 
izing  resistances  of  50  ohms  or  so  in  series  with 
each  tube  to  obtain  even  ignition. 

When  tubes  are  connected  in  series,  or  series- 
parallel,  low-voltage  taps  may  be  taken  o£f 
between  the  VR  tubes,  if  desired,  as  shown  in 
the  diagrams. 

In  operation,  these  tubes  exhibit  a  bluish  or 
yellowish  glow  when  the  tube  is  conducting 
current,  no  light  of  any  kind  showing  when  the 
tube  ceases  to  conduct. 

Another  type  of  regulated  power  supply  is 
described  in  QST  for  August  1937.  In  this 
system  a  sharp  cut-off  pentode  is  used  to 
control  the  drop  through  a  low-resistance 
power  triode.  Those  interested  are  referred  to 
this  article. 

•  FILAMENT  SUPPLY 

For  medium-  and  high-power  r.f.  stages  of 
transmitters,  and  for  high-power  audio  stages, 
it  is  considered  most  desirable  to  use  a  separate 
filament  transformer  for  each  section  of  the 
transmitter,  installing  the  transformer  near 
the  tube  sockets  and  feeding  the  primary  lines 
instead  of  the  secondary  lines  through  the 
interconnecting  cables  of  the  transmitter.  In 
this  way,  necessity  of  abnormally  large  wires 
carrying  filament  power  is  avoided,  and  two 
small,  well-insulated  leads  may  be  used  to 
carry  the  total  filament  power  for  all  stages 
without  appreciable  filament  voltage  drop. 
This  is  very  important  in  large  stages  with 
heavy-current,  low-voltage  filaments,  since  a 
very  small  resistance  in  series  with  the  filament 
of  the  stage  may  reduce  the  voltage  applied 
to  a  value  at  which  the  tube  is  likely  to  be  dam- 
aged.  Loss  of  emission  of  power  tubes  is  often 
caused  by  under-voltage  filament  operation, 
even  for  short  periods  of  time. 


Fig.  1111  —  Circuits  in  which  VR  tubes  are 
used  to  obtain  essentially  constant  voltages. 
At  B,  two  tubes  are  used  in  series  for  greater 
voltage,  at  C  the  tubes  are  connected  in  parallel 
for  greater  current  variation.  D  shows  four 
tubes  connected  in  series-parallel  for  both  higher 
voltage  and  higher  current.  The  method  of 
determining  the  value  of  the  current-limiting 
resistor  Ri  is  described  in  the  text.  Ra,  a  resist¬ 
ance  of  about  50  ohms,  may  be  required  wben 
tubes  are  connected  in  parallel  to  equalize  the 
ignition.  When  tubes  are  connected  in  series, 
taps  may  be  taken  off  for  lower  voltage  as  shown 
in  B  and  1 ),  if  desired. 
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•  TRANSMITTER  BIAS  SUPPLY 

Low-voltage  power  packs  make  excellent 
substitutes  for  batteries  for  certain  types  of 
r.f.  amplifiers.  Not  all  power  packs  are  suitable, 
for  the  purpose  unless  provided  with  an  ap- 
propriate  bleeder  resistance.  Those  packs  de- 
livering  some  value  of  voltage  between  the 
cut-ofi  biasing  voltage  and  the  value  of  bias 
required  under  operating  conditions  are  most 
suitable  since  it  is  only  required  that  the 
bleeder  resistance  be  equal  to  that  normally 
used  for  grid  leak  in  the  amplifier. 

If  the  pack  delivers  a  voltage  greater  than 
the  required  operating  value  of  voltage,  the 
bleeder  must  be  tapped  with  the  proportions 
discussed  under  Fig.  1112.  In  either  case,  no 
grid  leak  should  be  used  in  addition  to  the 
bleeder  resistance. 

Since  the  biasing  voltage  varies  with  grid 
current,  a  supply  of  the  type  discussed  will  be 


flowing  through  them  email  in  comparison  to 

that  in  the  first  resistance. 

This  simple  type  of  supply  will  be  unsatis- 
factory  in  applications  where  the  biasing 
voltage  must  not  vary  with  excitation  as  in  the 
cases  of  Class-B  audio  and  r.f.  amplifiers.  For 
linear  output  from  these  types  of  amplifiers,  it 
is  essential  that  the  bias  remain  constant  under 
all  degrees  of  excitation. 

Bras-Voltage  Regulation 

To  overcome  these  difficulties,  methods  have 
been  devised  to  provide  automatic  voltage 
regulation  so  that  the  voltage  of  the  bias  pack 
will  remain  constant  with  varying  grid  cur- 
rents. 

A  circuit  which  has  been  used  successfully  is 
shown  in  Fig.  1113.  The  stabilizer  consists  of 
a  tube  across  the  output  of  the  power  supply  in 
a  self-biasing  arrangement.  The  resistor  Bi  is 
on  the  order  of  several  megohms,  so  that  at  no 


Fig.  1113 —  Circuit  of  the  automatic  vac¬ 
uüm -tube  regulator  as  applied  to  a  bias-  or  plate- 
supply  power  pack.  Ri  is  the  regulator  tube’s  bias 
resistor  and  I?2  is  the  power-pack  output  voltage 
divider.  A  separate  filament  winding  should  be 
used  for  the  regulator.  A  type  45  tube  will  be  sat- 
isfactory  as  the  regulator  tube. 


found  somewhat  unsatisfactory  for  biasing 
more  than  one  stage  because  the  grid  current 
for  all  stages  must  flow  through  the  same  re¬ 
sistance,  thus  causing  some  or  all  stages  to  be 
over-biased.  This  can  be  avoided  under  certain 
circumstances  by  the  use  of  one  for  more  addi- 
tional  voltage-dividers  or  bleeders  for  addi- 
tional  stages.  This  is  usually  satisfactory  only 
when  the  additional  bleeders  may  be  of  com- 
paratively  high  resistance  and  the  current 


Fig.  1112  —  A  practical  circuit  for  the  "C”  supply. 
A  single  8-nfd.  condenser  often  will  suffice  for  the  filter 
but  if  trial  shows  that  more  is  needed,  a  choke  and  second 
condenser,  shown  in  dotted  lines,  may  be  added.  The 
condensers  should  be  ra  teil  at  500  volts,  especially  if 
tbe  "C”  supply  is  to  be  used  on  a  high-power  stage 
where  the  excitation  is  Iikely  to  be  large. 

The  bias  voltage,  E„  should  be  approximately  that 
value  whicb  will  cut  off  the  plate  current  of  the  tube 
at  the  plate  voltage  used  (roughly  the  plate  voltage 
divided  by  tbe  voltage  amplification  factor  of  the 
tube).  Resistor  Ri  should  be  equal  to  the  grid  leak 
value  ordinarily  used  with  the  tube.  The  required  re¬ 
sistance  for  R2  can  be  found  by  the  formula 


where  E  is  equal  to  tbe  peak  value  of  the  transformer- 
rectifier  output  voltage  (r.m.s.  voltage  of  one  side  of 
secondary  multiplied  by  1,4), 
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load  the  tube  is  biased  practically  to  cut-off. 
The  output  voltage  is  then  the  total  voltage  of 
the  supply  minus  the  voltage  required  to  bias 
the  regulator  tube  to  zero  plate  current.  When 
current  flows  back  through  the  regulator  tube, 
as  would  happen  if  the  power  supply  were 
being  used  to  bias  the  grid  of  a  tube  which  was 
being  driven  positive  and  was  drawing  grid 
current,  the  voltage  across  the  regulator  tube 
will  tend  to  increase.  This  will  cause  the  voltage 
across  the  biasing  resistor,  Bj,  to  decrease. 
Since  the  sum  of  the  regulator  tube  drop  and 
the  drop  through  Ri  must  equal  the  total  sup¬ 
ply  voltage,  as  the  voltage  across  Bi  decreases 
the  bias  on  the  regulator  tube  decreases,  which 
causes  the  tube  plate  impedance  to  decrease  so 
that  the  voltage  across  it  tends  to  remain  con¬ 
stant  regardless  of  the  current  which  is  flowing 
back  through  it. 

As  the  output  voltage  is  lowered,  it  may  be 
seen  that  it  becomes  necessary  to  increase  the 
number  of  tubes  in  parallel  to  maintain  good 
regulation,  so  that  at  low  voltages  it  would  be 
preferable  to  use  batteries  for  bias,  rather  than 
an  a.c.  supply  with  this  type  of  regulator. 

The  value  of  the  resistor  Bi  is  not  critical,  so 
long  as  it  is  large  enough  to  maintain  the  cur¬ 
rent  drawn  from  the  power  supply  at  a  very 
low  value.  Any  value  from  a  few  hundred 
thousand  ohms  up  to  several  megohms  is 
satisfactory.  The  voltage  divider  B 2  can  have 
practically  any  value,  from  a  few  thousand 


Power  Supply 


Fig.  1114  —  Circuit  diagram  of 
multiple*stage  bias  supply. 

Ti  —  Universal  bias  trausformer  — 
taps  delivering  75  to  400 
volts,  200  ma.  (UTC  S-52). 
T2  —  5  v.,  2  a. 

T3  —  5  v.,  4  a. 

Li  —  200-ma.  choke,  15-20  hys. 

C  —  8  <ufds.,  600-volt  electrolytic. 

Ri  —  50,000  ohms. 

R2,  R3,  R4,  R5  —  See  text. 

This  pack  is  designed  to  take  care 
of  four  transmitter  stages. 
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ohms  up,  as  the  current  drawn  is  practically 
zero. 

If  additional  taps  are  necessary,  a  regulator 
tube  with  its  separate  filament  transformer 
will  be  required  for  each  tap. 

Multiple-Stage  Bias  Supply 

Fig.  1114  shows  the  circuit  diagram  of  a 
bias-pack  system  in  which  rectifiers  are  used 
to  isolate  the  individual  grid  resistances  for 
each  transmitter  stage.  Normal  bleeder  current 
can  flow  through  the  rectifier  in  each  branch 
and  the  rectified  grid  current  of  any  particular 
stage  flows  in  the  normal  manner  through  its 
own  resistance  but  cannot  flow  through  the 
other  resistances  since  the  other  rectifiers  are 
polarized  to  prevent  any  such  action. 

The  resistance  to  be  used  between  the 
biasing  tap  and  the  positive  terminal  should 
be  equal  to  the  recommended  grid-leak  re¬ 
sistance  for  the  stage  in  question  (no  addi¬ 
tional  grid  leak  sbould  be  used  in  the  stage). 
The  total  resistance  in  use  between  the  regu- 
lating  rectifier  plate  and  the  positive  terminal 
may  then  be  determined  by  the  following 
formula: 

Total  R  = - §2 - X  Rb 

where  E0  is  the  output  voltage  of  the  pack, 
the  bias  voltage  required  for  plate-current 
cut  off  of  the  tube  in  question  with  no  excita- 
tion  and  Rb  is  the  recommended  grid-leak 
resistance.  Em  is  determined  approximately 
by  dividing  the  plate  voltage  at  which  the 
stage  is  to  be  operated  by  the  amplification 
factor  of  the  tube.  The  short-circuiting  tap  at 
the  rectifier  plate  may  be  used  to  adjust  for 
the  desired  total  resistance. 

In  practice,  the  pack  output  voltage  should 
be  adjusted  to  a  value  slightly  above  that  of 
the  highest  required  cut-off  value.  This  will 
result  in  the  most  economical  operation  of  the 
pack. 


Gaseous-Tube  Regulated  Bias  Supply 

A  biasing  system  in  which  advantage  is 
taken  of  the  regulating  properties  of  the  VR- 
type  gaseous  tubes  is  shown  in  Fig.  1115.  Two 
cases  are  shown.  In  the  first  case,  A,  the  drop 
across  the  regulator  tube  or  tubes  in  series 
equals  or  exceeds  the  maximum  cul-ofi  voltage 
required  by  any  stage  and  yet  does  not 
exceed  the  minimum  operating  bias  for  any 
stage  operating  from  the  supply.  In  the  second 
case,  B,  the  maximum  cut-off  bias  required  for 
a  certain  stage  or  stages  may  exceed  the  oper- 


Fig.  111 5  —  Biasing  System  using  VR  tubes  in  which 
more  than  oue  stage  may  be  operated  from  the  same 
pack.  At  A  is  shown  the  circuit  for  use  where  the  cut-off 
bias  required  by  any  stage  does  not  exceed  the  operating 
bias  of  any  stage.  B  shows  the  circuit  wbere  the  cut-off 
bias  required  by  one  stage  may  exceed  the  operating 
bias  of  anotber  stage  operating  from  tbe  same  pack. 
Ri,  Rs  and  Rs  are  the  current  limiting  resistors,  while 
Ra,  Rs,  Re  and  R 7  are  additional  grid  leak  resistances 
the  values  of  which  may  be  determined  from  the  text. 
The  pack  supplying  the  vhltage  need  have  but  a  small 
current  capacity  and  a  single  2-  or  4-pfd.  condenser 
will  usually  serve  as  sufficiënt  filter. 
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ating  bias  of  other  stages  operating  from  the 
supply. 

In  A,  sufficiënt  VR  tubes  in  series  should  be 
used  to  take  care  of  the  maximum  cut-o£f  bias 
required,  selecting  the  proper  combination  of 
VR  types.  Sufficiënt  parallel  tubes  or  series  of 


Fig.  H 16  —  This  unit  deliver»  830, 
1060  or  1250  volts  at  full-load  current  of 
250  ma.  Voltages  are  selected  by  taps  on 
thesecondary.  ltipple  is  reduced  to  0.25% 
and  regulation  checlved  at  10%.  All  high- 
voltage  terminale  except  those  of  the 
transformer  secondary  and  tube  eaps  are 
underneath  the  chassis.  The  transformer 
terminal  board  is  eovered  with  a  section 
of  hJs-in.  steel  panel  mounted  on  pillars 
at  the  four  corners,  lnsulating  caps  are 
provided  for  the  tube  plate  terminals. 
A  speeial  Beparable  high-voltage  safety 
terminal  (Millen)  protects  the  high-volt- 
age  connection.  The  chassis  is  11  in.  hy 
17  in.  by  2  in.  and  the  pauel  10h£  in.  hy 
19  in. 

Refer  to  Circuit  C  in  Fig.  1117 
Tri  —  1500-1250-1000  V.  r.m.s.eachside 
center,  300  ma.  d.c.  (UTC  type 
S47). 

Tr2  —  2.5  v„  10  a.,  10,000  v.  insulalion 
(UTC  type  S57). 

T  —  Type  866. 

Li  —  5-25  hys.,  300  ma.,  90  ohms  (UTC 
type  S34). 

1,2  —  15  hys.,  300  ma.,  90  ohms  (UTC 
type  S33). 

Ci  — 2  sifds.,  1500  v.  (Aerovox  Iïyvol). 
C2  —  4  nfds.,  1500  v.  (Aerovox  Hyvol). 
R  —  25,000  ohms,  100  watts. 

tubes  in  parallel  should  be  used  to  handle  the 
combined  grid  currents  of  all  stages  at  the 
rate  of  25  ma.  per  parallel  branch.  The  out¬ 
put  voltage  of  the  supply  should  at  least  equal 
the  total  starting  voltage  required  by  the 
tubes  in  use.  R\  in  ohms  should  be  equal  to  the 
difference  between  the  supply  voltage  and  the 
regulator-tube  drop  divided  by  0.005.  The 
individual  grid  leaks  for  each  stage,  indicated 
by  R-i  and  Ra,  should  each  have  such  a  value 
that  the  voltage  drop  across  the  leak  due  to 
grid  current  when  added  to  the  constant  regu¬ 
lator-tube  drop  will  equal  the  operating  bias 
required. 

In  B  the  same  procedure  is 
followed,  except  that  a  sepa¬ 
rate  branch  with  dropping  re- 
sistor  must  be  used  for  a  stage 
or  stages  whieh  require  an  op¬ 
erating  bias  less  tban  thecut- 
off  bias  required  for  another 
stage  in  the  transmitter. 

The  advantage  of  this  Sys¬ 
tem  is  that  the  bias  supply  is 
required  to  handle a  very  smal! 
amount  of  power  —  only  the 
idling  currents  of  the  VR 
tubes,  ltbecomes  less  feasible 
in  cases  where  both  high  cut- 
off  voltage  and  high  grid  current  are  required. 
However,  the  majority  of  cases  may  be  han¬ 
dled  with  2  to  4  tubes,  while  a  single  tube  will 
suffice  in  many  cases. 

•  POWER-SUPPLY  CONSTRUCT  ION 

The  wide  varieties  of  rectifying  and  filtering 
equipment  available  to  amateurs,  together 


u;  i_2 
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Fig.  111  7  —  Circuits  for  power-supply  units  shown  in 
pbolftgraphs.  References  will  be  found  under  each 
photograph  where  typical  values  will  be  found. 
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with  the  different  classes  of  service  for  which 
power  supplies  may  be  used,  make  it  impossi- 
ble  to  show  complete  constructional  details  of 
supplies  coveringevery  possible  need.  Through- 
out  this  chapter  will  be  found  photographs, 
with  lists  of  typical  components,  of  supplies  of 
the  types  most  commonly  used. 

The  placement  of  parts  is  of  importance  only 
insofar  as  it  affects  the  angle  of  safety  to  the 
operator,  except  in  the  one  or  two  instances 
where  reference  to  placement  is  made. 

Referring  to  the  photographs,  Standard 
male  plugs  are  set  in  the  rear  edges  of  the 
chassis  for  convenience  in  making  connections 
with  Standard  extension  cords.  This  leaves  no 
exposed  live  male  prongs  on  the  extension  cord 
when  disconnected. 

In  mounting  the  rectifier  sockets,  care 
should  be  taken  to  provide  plenty  of  clearance 
between  the  filament  prongs  and  grounded 
metal  surfaces.  The  wiring  on  the  positive  side 
should  always  be  done  with  specially  insulated 
high-voltage  cable.  Where  the  cable  must  pass 
through  the  chassis,  the  holes  should  be  lined 
with  rubber  grommets  to  prevent  chafing. 
Remember  that  the  rectifier  filament  wiring 
should  be  done  with  high-voltage  cable.  When 
using  an  exposed  high-voltage  terminal,  such 
as  a  feed-through  insulator,  it  should  always 
be  covered  with  a  tight  fitting  rubber  sleeve 
after  connection  has  been  made. 

Ru/es  for  Safe  Construction 

The  following  rules,  taken  from  the  A.R.R.L. 
Safety  Code  should  be  observed  in  the  con¬ 
struction  and  installation  of  power  supplies: 

Grounds  —  With  chassis  construction, 
all  negative  terminals  of  plate-voltage  sup¬ 
plies  and  positive  terminals  of  bias  supplies 
should  be  connected  to  chassis  and  to  a  good 
ground.  Chassis  should  be  connected  to- 


P/aie  or 


Fig.  1118- — Switch  arrangement  to  discharge  filter 
condensers  to  guard  against  possible  open  bleeder 
resistance. 


gether  and  to  the  rack,  frame  or  cabinet,  if 
of  metal. 

With  breadboard  construction,  negative 
terminals  of  plate-voltage  supplies  and  posi¬ 
tive  terminals  of  bias  supplies  should  be 
connected  together  and  to  a  good  ground. 

Cases  and  Cores — Transformer  and  choke 
cores,  cases  and  other  metal  work  not  nor- 
mally  a  part  of  the  electrical  circuit  should 
be  grounded. 

Power  Supply  Enclosures  —  Power  sup¬ 
plies  should  be  so  enclosed  or  constructed, 
or  so  located,  that  accidental  bodily  contact 
with  power  circuits  is  impossible  when  ad- 
justments  are  being  made  to  r.f.  or  audio 
units. 

Bleeders  —  A  bleeder  resistor  should  be 
connected  across  the  d.c.  output  terminals 
of  each  rectified  a.c.  power  supply. 

To  guard  against  the  very  real  danger  of 
shock  from  the  discharge  of  filter  condensers 
should  the  bleeder  resistance  burn  out 
without  the  knowledge  of  the  opera¬ 
tor,  special  relays  are  now  available 
which  short-circuit  the  output  of  the 
filter  whenever  the  primary  power  is 
turned  off.  A  switch  may  be  arranged 
to  accomplish  the  same  purpose  as 
shown  in  Fig.  1118.  Should  neither  of 
these  devices  be  available,  it  is  always 
a  good  idea  to  attach  a  metal  prod 
with  an  insulated  handle  to  the  chas¬ 
sis  with  a  wire  or  chain  and  run  this 
prod  over  exposed  high-voltage  points 
before  touching  anything. 

H.  V.  Leads  —  High-voltage  leads 
should  be  a  good  grade  of  high- 
tension  wire  insulated  for  at  least 
two  to  three  times  the  peak  operat- 
ing  voltage. 


Fig.  1119  —  Underneath  view  of  the  supply  of  Fig.  1116  show- 
ing  cut-outa  for  sub-terminals. 
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Terminals  —  Exposed  terminals  and  tube 
caps  should  be  protected  by  insulating  cov- 
erings.  Barriers  should  be  placed  over  ex¬ 
posed  transformer  terminal  boards 

Voltage  Divldera 

A  voltage  divider  is  simply  a  resistance, 
eonnected  across  the  output  terminals  of  a 
power  supply,  which  has  one  or  more  taps  at 
appropriate  points  from  which  voltages  lower 
than  the  power-supply  terminal  voltage  may 
be  obtained.  Although  quite  an  improvement 
over  the  simple  series  voltage-dropping  re- 
sistor,  the  voltage  regulation  at  the  divider 
taps  is,  nevertheless,  still  poor  unless  its  total 
resistance  is  made  very  low,  consuming  con- 
siderable  power.  It  is  advisable,  therefore,  to 
obtain  lower  voltages  by  this  method  only  in 
cases  when  the  voltage  reduetion  is  fairly  small 
or  in  cases  where  the  load  drawn  from  the  taps 
is  fairly  constant. 

The  resistance  values  required  for  a  voltage 
divider  may  be  calculated  if  the  currents  to  be 
drawn  from  each  tap  are  definitely  known.  An 
example  of  the  calculations  follows. 

Suppose  the  voltages  desired  and  the  load 
currents  for  each  tap  have  been  determined  as 
shown  in  Fig.  1120,  i.e.,  500  volts,  60  ma.  and 
350  volts,  30  ma. 

To  calculate  the  resistance  required  between 
taps,  the  voltage  divider  should  be  laid  off  in 
sections,  as  shown  in  Fig.  1120.  Starting  from 
the  negative  end,  the  voltage  drop  across  the 
first  section  will  be  350  volts.  The  drop  across 
the  second  section  will  be  150  volts,  bringing 
the  total  voltage  between  negative  and  the 
second  tap  to  500  volts.  The  last  resistor  section 
will  have  a  drop  of  500  volts  across  it.  Then, 
knowing  the  current  to  be  drawn  at  each  tap 
and  the  idle  current  to  be  bied  off  through  the 
lowest  resistor  section,  it  is  an  easy  matter  to 
calculate  the  resistances  required  at  each  sec¬ 
tion  by  applying  Ohm’s  Law. 

If  desired,  this  voltage-divider  may  be  used 
as  the  bleeder  resistance.  If  previous  calcula¬ 
tions  (see  section  on  bleeder  resistance)  have 
shown  that  the  required  bleeder  current  is  40 
ma.,  this  current  value  should  be  used  in  de- 


Fig.  1120  —  Voltage  divider  computations  can  he 
made  by  piotting  the  voltage  drops  and  current  division 
in  a  diagram  Bimilar  to  this  one. 
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DANGER  —  HIGH  VOLTAGE 
JT  MUST  be  realized  that  the  plate  supply 
equipxnent  of  even  a  low-powered  traus- 
mitter  is  a  potential  lethal  machine.  It  is 
ever  ready  to  deal  out  sudden  death  to  the  care- 
lees  operator.  A  number  of  amateurs,  indeed, 
have  been  killed  by  the  output  of  their  power 
supplies  during  the  last  few  years.  Many  more 
have  suflered  severe  injury.  We  cannot  urge 
too  strongly  the  observance  of  extreme  care  in 
the  handling  of  power  supplies  and  trans- 
xnitters. 


termining  the  resistance  of  the  first  section. 
The  required  resistance  is,  therefore,  equal  to: 

350  onrrn  i 

-  =  8750  ohms. 

0.04 


Fig.  1121 — Circuit  diagram  for  receiver  power 

supplies. 

Components  for  240-voIt.,  100-ma.  unit: 

Ci  —  8-/ifd.,  500-volt  electrolytic  (Mallory  IID683) 

Cü-Cs  —  Dual-section  450-volt  electrolytic,  40  /ifd. 
per  section.  One  section  used  for  cach  filter 
section.  (Mallory  FPD238). 

Li,  1.2  —  15  hys.,  100-ma.  (UTC  R19). 

R  —  15,000  ohms,  10-watt. 

SL  —  6.3-volt  signal  lamp. 

Sw  —  S.p.s.t.  toggle  switch. 

T  —  Type  80  rectifier. 

Tr  —  Combination  transformer  (UTC  R12):  Si — 5 
volts,  3  amp.  S2  —  6.3  volts,  4  amp.  S3  — 375 
volts,  r.m.s.  each  side  of  center  tap,  100  ma. 

Components  for  275-volt,  200-ma.  unit: 

Ci  —  4-afd.,  600-volt  electrolytic  (Mallory  IIS691). 

C2-C3  —  Dual-section  450-volt  electrolytic,  40  Ad .  per 
section.  One  section  used  for  each  filter  sec¬ 
tion.  (Mallory  FPD238). 

Li,  L2  - —  20  bys.,  200  ma.  (Stancor  C1646). 

R  —  20,000  ohms,  10-watt. 

SL  —  6.3-volt  signal  lamp. 

Sw  —  S.p.s.t.  toggle  switch. 

1'  —  Type  5Z3  rectifier. 

Tr  —  Combination  transformer  (Stancor  P5059):  Si  — 
5  volts,  3  amp.  S2  —  6.3  volts,  5  amp.  S3  — 
340  volts  r.m.s.  each  side  of  center  tap,  200  ma. 


The  second  section  has  the  30  ma.  for  the 
second  tap  in  addition  to  the  40  ma.  idle  cur¬ 
rent  flowing  through  it,  therefore  the  resistance 
required  is 


-  =  2150  ohms  (app.). 

0.07 

In  the  third  (upper)  section,  the  current  be- 
comes  60  ma.  plus  the  70  ma.  already  flowing 


Fig.  1122 —  Two  typical  receiver 
power  supplies.  The  email  100  ma.  eupply 
is  assemhled  on  a  chassis  5  in.  hy  10  in. 
hy  3  in.,  while  the  larger  200-ma.  supply 
is  built  on  a  chaBsis  6  in.  by  14  in.  hy 
3  in.  The  covers  protect  the  equipment 
against  damage  and  add  to  the  ap- 
pearanee. 


Power  Supply 


through  the  section  below,  a  total  of  130  ma. 
The  resistance  value  is 

— 00-  =  3850  ohms. 

0.13 

The  total  resistance  of  the  divider  is  there- 
fore  14,750  ohms,  safely  below  the  value  neces- 
sary  to  maintain  constant  output  voltage  when 
the  tubes  are  not  drawing  current  from  the 
power  supply.  This  will  increase  the  no-load 
bleeder  current,  but  will  not  affect  the  opera- 
tion  of  the  power  supply  under  full  load.  In  the 
above  example,  the  no-load  resistor  current 
will  be 


1000 

14,750 


63.5  ma. 


Under  no-load  conditions  the  voltage  across 
each  resistor  will  be  proportional  to  its  indi- 
vidual  resistance  compared  to  the  total  re¬ 
sistance.  The  drop  across  the  lower  section 
would  be 


„gQ  X  1000  =  600  volts  (app.). 

The  drop  across  the  middle  section  is 

l4^750  *  =  v°lts  (app.). 

Across  the  upper  section 
3850 

X  1000  =  250  volts  (app.). 

The  output  voltages  will  be  correct  only 
when  the  load  currents  used  in  the  calculations 
are  drawn. 

The  power  dissipated  by  each  resistor  may 
be  calculated  by  multiplying  the  voltage  drop 
across  it  by  the  current  flowing  through  it. 
This  should  be  done  for  both  no-load  and  full- 
load  conditions,  and  a  resistor  selected  having 
a  rating  well  above  that  of  the  higher  of  the 
two  values.  It  may  not  be  possible  to  get  stock 
resistors  of  the  exact  resistance  calculated,  in 
which  case  the  nearest  available  size  usually 
will  be  satisfactory.  Semi-variable  resistors 


Fig.  1123  —  ThiBunit  delivers  1500  or  1250 
volta  at  full-load  current  of  425  ma.,  with 
0.25%  ripple  and  regulation  of  10%.  Voltages 
are  selected  by  taps  on  the  secondary.  The 
Becondary  terminal  board  is  covered  with 
a  section  of  steel  panel  supported  by  brackets 
fastened  underneath  the  core  clampa  and 
insulating  caps  are  provided  for  the  tube 
plate  terminals.  A  special  safety  terminal 
(Millen)  is  used  for  the  posïtive  high-voltage 
connection.  The  panel  is  10h£  in.  by  19  in. 
and  the  chassis  13  in.  by  17  in.  by  2  in. 

Refer  to  Circuit  C  in  Fig.  1117 
Tri  —  1820-1520  v.  r.m.s.  each  side  center, 
500  ma.  d.c.  (Stancor  type  P6157). 
Tr2  — -  2.5  v.,  10  a.,  10,000  v.  insulation 
(Stancor  type  P3025). 

T  —  T ype  866. 

Li  - —  5-20  hys.,  500  ma.,  75  ohms  (Stancor 
0405). 

L2  —  8  hys.,  500  ma.,  75  ohms  (Stancor 
0415). 

Ci,  C2  —  4  nfds.,  2000  v.  (C-D  type 
TJU20040). 

R  —  20,000  ohms,  150  watts. 
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Fig.  1124  —  This  unit  delivers  2025  and  2480  volta 
at  full-load  current  of  450  ma.  with  a  ripple  of  0.5% 
and  regulation  of  19%.  Voltages  are  selected  by  taps 
on  the  secondary.  All  exposed  high-voltage  terminals 
are  covered  with  Sprague  ruhher  safety  terminal  caps 
and  the  tube  plate  terminals  with  moulded  caps. 
The  rectifier  tubes  are  spaced  away  from  the  plate 
transformer  to  avoid  induction  trouhles.  The  panel  is 
14  in.  by  19  in.  and  the  chassis  13  in.  by  17  in.  by  2  in. 
The  exposed  high-voltage  terminal  should  be  covered 
with  a  rubber -tubing  sleeve. 

Refer  to  Circuit  C,  Fig.  1117 
Tri  —  3000-2450  v.  r.m.s.  each  side  of  center,  500  ma. 

d.c.  (Thordarson  type  T19P68). 

Tr2  —  2.5  v.,  10  a.,  10,000  v.  insulation  (Thordarson 
type  T64F33). 

T  —  Type  866. 

Li  —  5-20  hys.,  500  ma.,  75  ohms  (Thordarson  type 
T19C38). 

L2  — 12  hys.,  500  ma.,  75  ohms  (Thordarson  type 
T19C45). 

Ci  —  1  gfd.,  2500  v.  (G.E.  Pyranol). 

C2  — 4  /ifds.,  2500  v.  (G.E.  Pyranol). 

R  —  50,000  ohms,  200  watts. 

Note.  —  Regulation  may  be  improved  hy  use  of 
lower  bleeder  resistance  at  some  sacrifice  in  maximum 
load  current. 

having  sliding  contacts,  so  that  any  desired  re¬ 
sistance  value  may  be  selected,  can  be  used  if 
more  exact  adjustment  of  voltage  is  required. 

In  case  it  is  desired  to  have  the  bleeder  re¬ 
sistance  total  to  a  predetermined  value  —  for 
instance,  if  the  bleeder  in  the  illustration  above 
is  to  total  25,000  ohms  instead  of  the  calcu- 
lated  value  of  14,750  ohms  —  the  same  method 
of  calculation  may  be  followed,  but  different 
values  of  idle  current  should  be  tried  until  the 
correct  result  is  found.  An  idle  current  of  20 


instead  of  40  ma.,  for  instance,  will  work  out  to 
a  total  resistance  of  approximately  25,000 
ohms  in  the  illustration  above. 

The  method  may  be  extended  to  a  greater 
number  of  taps,  and  is  equally  applicable  to 
the  calculation  of  voltage  dividers  for  receivers. 

Receiver  Power  Supplies 

The  design  of  power  supplies  for  receivers  is 
similar  to  that  for  transmitters,  although  the 
requirements  differ  somewhat.  While  the 
power  output  is  small  compared  to  that  re¬ 
quired  for  most  transmitters,  the  degree  of 
filtering  required  is  greater  if  hum  is  to  be 
avoided.  The  high  degree  of  voltage  regulation 
required  for  high-stability  receivers  is  best 
obtained  by  special  means,  such  as  the  use  of 
voltage-regulator  tubes  which  are  usually 
incorporated  in  the  receiver  itself  rather  than 
in  the  power  supply.  (See  Fig.  1111.) 

A  typical  receiver  power-supply  diagram  is 
shown  in  Fig.  1121  together  with  suitable 
values  for  100-  and  200-ma.  supplies.  These 
units  are  pictures  in  Fig.  1122. 

Line -Voltage  Adjustment 

Since  the  voltage  of  the  line  from  which  the 
amateur  operates  his  equipment  is  seldom  con¬ 
stant  from  day  to  day  or  day  to  night,  it  is 
often  difficult,  particularly  in  small  towns  or 
poorly  serviced  areas,  to  maintain  proper 
input  voltage  to  the  various  transformers  in 
the  transmitter.  While  this  is  usually  not  of 
great  consequence  so  far  as  the  plate  trans¬ 
formers  are  concerned,  the  variation  is  some- 
times  great  enough  to  have  a  serious  effect 
upon  the  filaments  of  the  tubes,  causing  short 
life.  Several  manufacturers  are  now  producing 
multi-tapped  line  transformers  which  are  de- 
signed  to  be  placed  between  the  power  line 
and  the  transformers.  By  means  of  the  various 
taps,  the  secondary  voltage  of  each  individual 
transformer  may  be  set  at  the  proper  value, 
Then,  by  adjusting  the  primary  tap  of  the 
line  transformer,  all  transformers  may  be 
corrected  simultaneously  whenever  the  line 
voltage  varies  appreciably.  A  small  toy  step- 
down  transformer  delivering  5  to  25  volts  may 
be  used  for  the  same  purpose  by  connecting 
its  primary  in  parallel  with  the  line  and  its 
secondary  in  series  with  the  line.  When  the 
secondary  is  connected  in  one  direction,  the 
transformer  voltage  will  buck  the  line  voltage, 
while  it  will  add  to  the  line  voltage  when  con¬ 
nected  in  the  opposite  direction. 
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Although  the  arrangement  of  components 
is  less  eriticai  in  audio  than  in  r.f,  equipment, 
certain  principles  must  be  observed  to  avoid 
difficulties. 

The  audio  units  for  small  transmitters  can 
be  built  up  bread-board  style,  but  a  metal 
chassis  foundation  is  preferable  for  a  perma¬ 
nent  job.  Present  practice  tends  toward  unit 
construction  on  metal  chassis,  with  rack 
mounting.  Shielding  is  important  where  high- 
gain  audio  systems  are  used,  as  it  is  especially 
important  to  keep  r.f.  from  overloading  the 
low-level  grid  circuits.  When  two  or  more 
stages  of  speech  amplification  are  used,  par- 
ticular  care  must  be  taken  to  prevent  motor- 
boating  and  distortion  resulting  from  inter- 
stage  feed-back.  Coupling  transformers  should 
be  isolated  from  each  other  or  placed  for  mini¬ 
mum  action  between  their  magnetic  fields. 
Proper  positions  can  be  determined  by  turning 
the  transformers,  one  with  respect  to  the 
others,  until  minimum  hum  or  instability  is 
obtained  with  the  unit  in  operation  at  full 
gain.  It  is  advisable  to  keep  modulation  chokes 
and  transformers  well  away  from  other  audio 
equipment  because  the  strong  magnetic  field 
about  the  high-level  audio  unit  is  likely  to  cause 
trouble.  Transformer  cases  should  be  grounded. 

Microphone  cables  should  be  shielded  and 
the  shield  should  be  connected  to  ground.  It  is 


f  ig.  1201  — A  4-watt  modulator  and  power  supply 
with  provision  for  reguiating  the  output  voltage  to  be 
fed  to  the  modulated  stage.  The  switch  turns  on  the 
plaie  power  and  the  microphone  battery,  and  the  jack 

is  for  single-button  microphone  input. 


generally  good  practice  to  shield  the  high-gain 
input  circuit  separately  and  keep  it  away  from 
the  high-level  audio  and  r.f.  sections  of  the 
transinitter.  A  speech-input  amplifier  located 
some  distance  from  the  modulator  it  drives 
preferably  should  be  coupled  by  a  step-down 
transformer  (tube-to-line)  in  its  output, 
through  a  twisted-pair  to  a  line-to-tube  step-up 
transformer  into  the  higher-level  audio  circuit. 
Such  an  impedance  matching  combination  is 
especially  recommended  with  high-impedance 
microphones  which  require  short  leads  to  the 
first  audio  stage  or  pre-amplifier.  Intercon- 
necting  leads  and  cables  should  be  thoroughly 
shielded  and  the  shields  grounded.  Radio-fre- 
quency  chokes  may  be  necessary  between 
modulator  and  modulated  amplifier  in  supply 
leads. 

The  term  “modulator”  is  generally  reserved 
for  the  amplifier  stage  which  actually  causes 
the  r.f.  output  of  the  modulated  amplifier  to 
be  varied,  and  “speech  amplifier”  for  the  suc- 
cession  of  stages  preceding  the  last.  Ho  wever, 
the  modulator  for  a  low-power  transmitter 
may  be  the  last  speech-aniplifier  stage  for  the 
high-power  set.  For  instance,  an  amplifier  may 
have  an  audio  output  of  20  watts;  the  output 
could  be  used  to  plate-modulate  an  r.f.  ampli¬ 
fier  with  40  watts  input,  or  to  cathode-modu- 
late  an  r.f.  input  depending  upon  the  operating 
conditions  ehosen,  or  to  grid-modulate  a  high- 
power  r.f.  amplifier.  In  all  these  cases  the  last 
stage  of  the  amplifier  would  be  termed  the 
modulator.  Alternatively,  the  amplifier  could 
be  used  to  drive  a  Class-B  audio  amplifier  for 
high-power  plate  modulation,  in  which  case  the 
same  stage  would  be  considered  part  of  the 
speech  amplifier.  Thus  any  of  the  speech- 
aniplifier  units  to  be  described  may  be  used  as 
modulators  in  the  different  types  of  service 
for  which  they  have  sufficiënt  audio  output,  or 
as  drivers  for  still  higher-power  Class-B 
modulators.  The  only  differenee  in  construc¬ 
tion  is  that  an  output  transformer  suitable  for 
the  purpose  must  be  used  in  each  case. 

The  units  shown  in  this  chapter  have  been 
designed  to  obtain  the  required  output  as 
simply  and  eeonomically  as  possible  wbile 
observing  good  design  principles. 

•  A  SINGLE -TUBE  MODULATOR 

The  modulator  (and  power  supply)  pictured 
in  Figs.  1201  and  1203  is  about  as  simple  as  one 
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ean  be  made.  It  is  designed  especially 
for  use  with  small  u.h.f.  transmitters 
and  will  deliver  up  to  4  watts  of  audio 
power,  which  is  capable  of  modulating 
a  transmitter  with  up  to  8  watts  input 
to  the  modulated  stage.  As  can  be  seen 
from  the  circuit  diagram,  Fig.  1202,  it 
uses  a  single-button  microphone  trans- 
former  for  coupling  the  microphone  to 
the  grid  of  the  6F6  modulator  tube, 
and  a  universal  output  transformer 
allows  matehing  the  tube  to  any 
reasonable  load.  The  proper  taps  on 
the  transformer  can  be  found  from  the 
chart  supplied  with  the  output  trans¬ 
former,  Ti.  The  proper  load  for  the 
6F6  is  7000  ohms. 

No  provision  is  made  for  controll- 
ing  the  gain  of  the  modulator,  so  it 
must  be  controlled  by  the  voltage 
used  in  the  microphone  circuit.  Us- 
ually  1  Yï  volts  will  be  sufficiënt  for 
up  to  1  Yi  watts  output  with  a  good 
microphone,  while  3  or  4^  volts 
may  be  necessary  for  full  output  from 
the  modulator.  If  the  gain  is  to  be  decreased 
below  that  obtainable  with  1 Y  volts  in  the 
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Fig.  1202  —  A  4-watt  modulator  and  associated 
power  supply. 

Ci- — 25-/ufd.  25-volt  electrolytic.  (Not  necessary  if 
adequate  gain  can  be  obtained  without  it.) 

C2,  C3,  C4  —  8-Mfd.  450 -volt  tubular  electrolytic. 

Ri  —  350  ohms,  1  li2-watt. 

R2 —  3000  ohms,  10-wratt  wirewound. 

Si  —  D.p.s.t.  toggle  switch. 

Ti — S.b.  or  d.b.  microphone  to  single 

grid  (T-23A57). 

T2  —  Universal  modulation  transformer, 

12  watts  (UTC  S-18). 

T3  —  700-volt  90-ma.  c.t.  with  6.3-  and 
5-volt  windings  (T-13R13). 

Chi  ■ — 9-henry  85-ma.  choke  (T-13C29). 

Ch2 —  15-henry  85-ma.  choke  (T-68C07). 

AU  transformers  and  chokes  Thordar- 
son  except  T2. 


Fig.  1203  —  This  view  under  the  chassis  of  the  modulator  and 
power  supply  öhows  how  the  filter  chokes  are  mounted  under  the 
plate  transformer  aud  the  microphoue  transformer  is  mounted 
under  the  6F6  and  output  transformer.  The  three  filter  eondensers 
are  mounted  upright.  A  75,000-ohm  2-watt  bleeder  resistor  (not 
shown  in  the  diagram)  should  bc  connceted  across  the  output  of  the 
filter  (C3,  C4)  if  the  VR-150  is  not  used.  Wires  to  the  110-volt  line 
and  to  the  microphone  battery  are  brought  out  at  the  rear  of  the 
chassis  throngh  rubber  grommets. 


If  the  stage  being  modulated  takes  no  more 
than  8  or  9  watts,  its  power  can  be  supplied  by 
this  unit.  If  a  self-excited  oscillator  is  being 
used,  such  as  the  “pot”  oscillator  described 
in  Chapter  29,  the  use  of  the  VR-150  regulator 
tube  gives  more  stable  operation  and  a  steadier 
earrier.  However,  its  use  limits  the  voltage  to 
150  on  the  oscillator,  and  if  a  non-regulated 
supply  can  be  used,  the  VR-150  tube  can  be 
removed  .from  its  Socket  and  the  resistor  R2 
can  be  shorted. 

•  ECONOMICAL  SPEECH  AMPLIFIER 

AND  3- WATT  OUTPUT  STAGE 

The  amplifier  of  Fig.  1204  is  designed  for  use 
with  crystal  and  velocity  microphones  or  for 
carbon  single-  and  double-button  microphones, 
depending  upon  the  circuit  chosen.  It  may  be 
used  for  grid-modulating  r.f.  amplifiers  of  250 
watts  input  or  less.  It  is  also  suitable  for  driv- 
ing  a  Class-B  modulator  whose  grid  driving 
power  requirements  are  less  than  3  watts. 


microphone  circuit,  the  cathode 
condenser,  C\}  can  be  removed. 

The  power  supply  built  with  the 
modulator  is  convenient  to  use. 


Fig.  1204  —  Relay-rack  mounting  amplifier  with  3-watt  output. 
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The  amplifier  is  constructed  on  a  Standard 
black-crackle  chassis  17  inches  long,  4  inches 
deep,  and  3  inches  high.  Tubes  and  output 
transformer,  instead  of  being  placed  in  the 
conventional  arrangement  on  top  of  the  chas¬ 
sis,  are  mounted  on  the  rear  flange,  while  the 
front  flange  is  screwed  against  the  back  of 
mounting  panel  as  in  ordinary  chassis-panel 
units.  With  this  layout,  a  3}^-inch  relay-rack 
panel  is  adequate,  and  rack-space  compactness 
results. 

The  grid-modulation  output  transformer 
shown  is  designed  to  couple  the  plates  of  push- 
pull  2A3  tubes  to  the  grid  bias  circuit  of  an 
r.f.  amplifier.  In  this  application,  the  windings 
of  the  transformer  are  reversed,  so  that  the 
two-terminal  winding  is  connected  in  the  plate 
circuit  of  the  6B4G  amplifier  tube,  and  the 
center-tapped  winding  is  available  as  an  output 


hifi.  1207  —  A  low-cost  sprech-amplilicr  or  low- 
power  modulator  with  a  maximum  audio  output  of  20 
watts.  The  6SJ7  is  in  the  left  near  corner  of  the  chassis, 
with  the  6J5  to  its  right,  just  above  the  volume  control. 

winding.  Half  of  this  winding  (the  portion 
between  either  end  and  the  center  tap)  may  be 
connected  in  an  r.f.  amplifier  grid-  or  suppres- 
sor-bias  circuit  for  modulator 
use,  or  the  full  winding  with 
center  tap  may  be  used  as  a 
Class-B  input  winding,  with 
connection  direct  to  the  grids 
of  tubes  such  as  809’s  or 
TZ20's. 


•  A  20-WATT  SPEECH 
AMPLIFIER  OR  MODU¬ 
LATOR 

The  amplifier  shown  in 
Figs.  1207-1209  wili  deliver 
audio  power  outputs  up  to 
20  watts  (from  the  output 

Fig.  1206  —  The  bottom  view  shows  tbe  tube-  and  transformer-mounting  transformêl 'SCCOnd&ry)  with 
used  in  the  3-watt  amplifier,  aiïiple  gain  tor  ordinary  com- 


Fig.  1205  —  Circuits  of  the  3-watt 
speech  unit. 

Ci  —  5-*ifd.  electrolytic,  2 5 -volt. 

C2  —  0.05-^fd.  paper,  600-volt. 

C3  —  8-jifd.  electrolytic,  425-volt. 

C4  —  0.01-pfd.  paper,  600-volt. 

Cs  —  5-#ifd.  electrolytic,  25- volt. 

Cö — 0.01-^fd.  paper,  600-volt. 

C7  —  25-jifd.  electrolytic,  50-volt  wkg. 

Ri  —  5-megobin,  1-watt  earbon. 

R2  —  1700-obm,  1-watt  carbon. 

R3  —  2.5-megohm,  1-watt  carbon. 

R4  —  0.5-megobm,  1-watt  carbon. 

R5  —  50,000-obm,  1-watt  carbon. 

Re  —  0.5-megohm  poten tiome ter. 

R7  —  4500-ohm,  1-watt  carbon. 

R8,  R9  — 0.5-megobm,  1-watt  carbon. 

Rio  —  50-obm  center-tappcd. 

R11  — 800-ohm,  10-watt  adj. 

Ji — 2-wire  jack. 

J2  — 2-  or  3-wire  jack  for  s.b.  or  d.b.  mike. 
Ti  —  Center-tapped  output  transformer 
(Thordarson  T-67M74  with  pri- 
mary  and  secondary  reversed,  see 
text). 

T2  —  S.b.  or  d.b.  carbon  mike  transformer. 


Output 

-oY 
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munieations-type  crystal  mierophones.  Class- 
AB  6L6’s  are  used  in  the  output  stage,  preceded 
by  a  6J5  and  6SJ7. 

The  unit  is  built  on  a  5  by  10  by  3  inch 
chassis,  with  the  parts  arranged  as  shown  in 
the  photographs.  About  the  only  construc- 
tional  precaution  necessary  is  to  keep  the  lead 
from  the  microphone  socket  (a  jack  may  be 
used  instead  of  the  screw-on  type  if  desired) 
short,  and  to  shield  thoroughly  the  input 
circuit  to  the  grid  of  the  6SJ7.  This  shielding  is 
necessary  to  reduce  hum.  In  this  amplifier,  the 
6S.T7  grid  resistor,  fij,  is  enclosed  with  the 
microphone  lead  in  a  length  of  large-size 
spaghetti  tubing  which  also  covers  the  grid  pin 
on  the  tube  socket.  A  piece  of  grounded  shield 
braid  is  slipped  over  the  spaghetti. 

To  realize  maximum  power  output,  the  “B” 
supply  should  be  capable  of  delivering  about 
140  ma.  at  360  volts.  If  an  output  of  12  or  13 
watts  will  be  sufficiënt,  R$  and  Ru>  may  be 
omitted  and  all  tubes  fed  directly  from  a  “B” 
supply  giving  270  volts  at  approximately  175 
ma. 

The  output  transformer  shown  is  a  universal 
modulation  type  suitable  for  coupling  into  the 
plate  circuit  of  a  low-power  r.f.  amplifier  (input 
40  watts  maximum  for  100  per  cent  modula¬ 
tion)  for  plate  modulation.  For  cathode  modu¬ 
lation,  the  r.f.  input  power  that  can  be  modu- 
lated  may  be  determined  from  the  data  in 
Chapter  6.  The  amplifier  may  also  be  used 
for  grid-bias  modulation  with  the  transformer 
specified. 

If  the  unit  is  to  be  used  to  drive  a  Class-B 
modulator  it  is  recommended  that  the  Class-B 
tubes  be  of  the  zero-bias  type  rather  than 
types  requiring  fixed  bias.  A  suitable  output 


Fig.  1209—-  Bottom  view  of  the  20-watt  amplifier. 
The  most  important  constructional  point  is  complete 
shielding  of  the  microphone  input  circuit  to  the  grid  of 
the  6SJ7  first  amplifier. 

transformer  must  be  substituted  for  this  pur- 
pose;  information  may  be  found  in  transformer 
manufacturers’  catalogs. 

The  frequency  response  of  the  amplifier  is 
ample  for  the  range  of  frequenties  encountered 
in  voice  communieation.  It  may  be  extended 
for  reproduction  of  music  by  using  higher- 
priced  audio  transformers. 

•  A  40-WATT  OUTPUT  SPEECH  AMPLI¬ 
FIER  OR  MODULATOR 

The  40-watt  amplifier  shown  in  Figs.  1 210— 
1212  resembles  in  many  respects  the  20-watt 
amplifier  just  described.  To  obtain  the  higher 
output,  however,  it  is  necessary  to  drive  the 
6L6’s  in  the  grid  current  region,  so  that  a  driver 
stage  capable  of  furnishing  sufficiënt  power  is 
required.  A  pair  of  6J5’s  in  push-pull  is  used 
for  this  purpose,  insertod  botween  the  6J5 
single  stage  and  the  6L6’s.  Deeoupling  is  pro- 


Ci,  C2  —  20-ufd. 
volt. 

C3  —  0.1-^fd.  paper. 

C4  —  0.01  -jufd.  paper. 

Cs,  Ce  — -  8-jufd.  electrolytic,  450- 
volt. 

Ki  —  5  megohms,  Bj-watt. 

R2  —  1400  ohms,  k2-watt. 


Ra  —  2  megohms,  k^-watt. 

R4  —  0.5  megohms,  J^-watt. 

I<5  —  50,000  ohms,  J^-watt. 

Re  —  1-megohm  volume  control. 
R7  —  1500  ohms,  1-watt. 

Kg  —  250  ohms,  10-watt. 

R»  —  2000  ohms,  10-watt. 

R10  —  20,000  ohms,  25-watt. 


Ti  —  luterstage  audio,  single  plate 
to  p.p.  grids,  ratio  3:1 
(Thordarson  T-57A41). 

T2  —  Output  transformer,  depending 
on  requirements.  A  multi- 
tap  modulation  transformer 
(Thordarson  T-19M14)  is 
shown. 


Fig.  1208  —  Speech  amplifier  circuit  for  power  outputs  up  to  20  watts, 
electrolytic,  50- 
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Fig.  1210  —  A  40-watt  speech  amplifier  or  modulator  of  inex- 
pensive  construction.  The  6SJ7  and  first  6J5  are  at  the  front,  near 
the  microphone  socket  and  volume  control,  respectively.  Ti  is  just 
behind  them,  and  the  push-pull  6J5’s  are  at  the  rear  of  the  chassis 
behind  Ti.  Tt,  the  6L6*s,  and  Ts  follow  in  order  to  the  right. 


plifier  Las  ample  gain  for  crystal  mi- 
crophones. 

This  unit  may  be  used  to  plate- 
modulate  80  watts  input  to  an  r.f.  am¬ 
plifier.  For  cathode  modulation,  the 
input  which  can  be  modulated  will  de- 
pend  upon  the  typeof  operation  chosen, 
as  described  in  Chapter  6;  with  55% 
plate  efficiency  in  the  r.f.  stage,  for 
instance,  the  input  may  be  of  the  order 
of  200  watts,  making  an  allowance  for 
a  small  amount  of  audio  power  taken 
by  the  grid  circuit. 

A  high-power  Class-B  modulator  can 
be  driven  by  the  unit;  data  on  suitable 
modulator  tubes  can  be  found  in 
Chapter  6.  Zero-bias  tubes  should  be 
used  because  they  present  a  more  con¬ 
stant  load  to  the  6L6’s  than  do  rela- 
tively-low  amplification  factor  tubes 
which  require  fixed  bias  for  Class-B 

bib 


Ci  —  0.1-jifd.  paper. 

Cj  —  0.01-  fd.  paper. 

Cs  —  20-/ifd.  electrolytic,  S0-volt. 
Cs,  Cs,  C«  —  8-jufd.  electrolytic, 
450-volt. 

Ri  —  5  megohms,  ^-watt. 

Ra  —  500  ohms,  j^-watt. 

Ra  —  0.3  megohm,  J^-watt. 

Rs  —  0.1  megohm,  3^-watt. 


Rs  —  50,000  ohms,  J^-watt. 

R«  —  1 -megohm  volume  control. 

R7  — 1500  ohms,  1-watt. 

Rs  —  750  ohms,  1-watt. 

Rb  —  12,000  ohms,  1-watt. 

R10  —  20,000  ohms,  25-watt. 

R11  —  1500  ohms,  10-watt. 

Ti  —  Interstage  audio,  single  plate 
to  p.p.  grids,  3:1  ratio 


(Thordarson  T57A41). 

Ti  —  Driver,  p.p.  6J5’s  to  6L6’s 
Clasa  AB2  (Thordarson 
T84D59). 

Ts  —  Output  transformer,  depending 
on  requirements.  A  multi- 
tap  modulation  transformer 
(Thordarson  T19M15)  is 

shown. 


vided  (R 9  and  Cs)  to  pre¬ 
vent  motorboating  because 
of  the  higher  gain. 

A  6  by  14  by  3-inch  chassis 
is  used  for  the  40-watt  am¬ 
plifier.  The  photographs 
show  the  arrangement  of 
parts.  As  in  the  case  of  the 
20-wattunit,completeshield- 
ing  of  the  microphone  input 
circuit  is  essential.  The  am- 


Fig.  1212  —  Undemeath  the 
chassis  of  the  40-watt  amplifier. 
Shielding  of  the  input  circuit  is 

necessary  to  minimise  hum. 
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operation.  A  suitable  Class-B  driver 
transformer  must  be  substituted  for  the 
universal  modulation  transformer  shown. 

•  A  2A3  SPEECH  AMPLIFIER  WITH 
NEGATIVE  FEEDBACK 
Ideally,  a  Class-B  modulator  should 
be  driven  by  an  amplifier  having  excep- 
tionally  good  voltage  regulation  to  mini- 
mize  distortion.  The  most  suitable  tubes 
for  such  an  amplifier  are  power  triodes 
with  low  plate  resistance  such  as  the 
2A3,  6A3,  6B4G  and  6A5G.  Further  re- 
duction  in  effective  plate  resistance  can 
be  brought  about  by  using  negative  feed¬ 
back  in  the  amplifier.  For  average  ama¬ 
teur  work  the  6L6  amplifiers  just  de- 
scribed  will  give  satisfactory  results, 
when  operated  well  within  their  capabil- 
ities,  especially  with  zero  bias  Class-B 


Fig.  1213  —  Fifteen-watt  speech-amplifier  or  driver  for  use 
with  either  crystal  or  double-button  carbon  microphonee. 


Fig.  1214 

Ri,  Ra  —  200  ohms,  J^-watt. 

Rs  —  1000  ohms,  J^.watt. 

Ri  —  1  megohm,  J^-watt. 

Rö  —  0.25  megohm,  H-watt. 

Rs  —  50,000  ohms,  J^-watt. 

Rj  —  0.25-megohm  volume  control. 
Rs  —  2000  ohms,  H-watt. 

Rs  —  50,000  ohms,  1-watt. 

Rio  —  10,000  ohms,  J4-watt. 


Circuit  diagram  of  the  15-watt  speech  amplifier. 


Ru  —  500  ohms,  1  watt. 

Ris  —  5  megohms,  J/£-watt. 

Ris  —  0.25  megohm,  J^-watt. 

Ci  —  0.1-sfd.  paper. 

Ca  —  0.01-afd.  paper,  400-volt. 

Cs  —  0.1-sfd.  paper,  400-volt. 

Cs  —  15-nfd.  electrolytic,  25-voIt. 
Cö  —  5-nfd.,  25-voIt  electrolytic. 
Cs —  0.1-*ifd.  paper,  400-volt. 


C7,  Cs  —  8-gfd.  electrolytic,  450- 
volt. 

Tl  —  Interstagc  audio,  single  plate 
to  push -pull  grids  (Kenyon 
T-52). 

T»  —  Interstage  audio,  p.p.  plates 
to  Class-AB  grids  (Kenyon 
T-256). 

Ta  —  Output,  Class-AB  plates  to 
Une  (Kenyon  T-301). 


Fig.  1215  —  A  view  undemeath  the  chassis  of  the  15-watt  speech 
unit. 


tubes.  However,  somewbat  lower 
distortion  and  higher  fidelity  can 
be  secured  by  using  an  amplifier 
of  the  type  illustrated  in  Figs. 
1213-1215,  which  uses  push-pull 
2A3's  in  the  output  stage  and  in- 
corporates  negative  feedback  in 
the  circuit. 

The  microphone  input  circuit  is 
arranged  so  that  either  crystal  or 
double-button  carbon  micro- 
phones  can  be  used,  and  the  gain 
is  such  that  the  full  output  is  de- 
veloped  with  a  peak  voltage  of  less 
than  0.002  volts  applied  to  the  first 
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Fig.  1216  —  Speeeh  amplifier  employing  volume  compression  and 
audio  filter.  Controls,  left  to  right,  are  filter  response  switch,  time  delay 
control,  gain  control,  compressor  control. 


tube.  The  circuit  diagram  is  given  in  Fig.  1214. 

The  amplifier  is  built  on  a  Standard  chassis 
(with  cover)  measuring  5  by  13}^  by  2^ 


inches.  In  Fig.  1213,  the  tube  at  the 
left  alongthef  rontedge  of  the  chassis 
is  the  6J7,  followed  by  the  first  6C5. 
The  single-tube  to  push-pull  trans- 
former,  T\,  is  behind  this  tube;  to 
its  right  are  the  push-pull  6C5’s, 
then  T2.  the  2A3’s,  and  the  tube- 
to-line  transformer,  7V  The  gain 
control,  R  7,  is  at  the  left  end  of  the 
front  edge  of  the  chassis.  On  the 
left  edge  are  the  jack  for  a  crystal 
microphone  and  the  switch,  S,  to 
change  the  input  from  crystal  to 
double-button  carbon. 

The  general  layout  of  parts 
underneath  the  speech-amplifier 
chassis  is  shown  in  Fig.  1215. 

For  carbon-microphone  input, 
resistors  are  connected  across  the 
microphone  as  a  load,  rather  than 
the  customary  transformer.  The 
high  gain  of  the  amplifier  permits 
dispensing  with  the  voltage  step- 
up  provided  by  the  microphone 
transformer.  The  microphone  bat- 
tery  voltage  should  be  adjusted  to  give  the 
button  current  recommended  by  the  manu- 
facturer  of  the  microphone. 


Fig.  1217  —  Circuit  diagram  of  speeeh  amplifier  with  audio  filter  and  compression. 


Ci,  C6,  C12,  C17,  C20  —  10-pfd.  25- 
volt  eleetrolytic. 

Ca,  C3,  Ce,  Ce,  Cis,  C21  —  0. 1  -pfd. 
400-voIt  paper. 

Ce,  Cs,  Cu,  Cie,  Cie,  C22  - — 4-pfd. 

350-volt  eleetrolytic. 

C7,  Cu,  C15  —  0.05-pfd.  400-volt 

paper. 

C10,  Cis  —  0.25-pfd.  200-volt  paper. 
Cas  —  Dual  8-pfd.  450-voIt  elec- 
trolytic. 

Cae  —  4-pfd.  450.volt  eleetrolytic. 

Ki,  R7,  R10,  Ria,  Ru,  Rai  —  1- 

megohm,  J^.watt. 

Rj,  Ru  — 1250  ohms,  att. 

Rs  —  2-megohm,  )^-watt. 


Re  —  0.5-megohm,  )^-watt. 

Rs,  Re,  R20,  R24 — 40,000  ohms, 
)4-watt. 

Re  —  1000  ohmg,  1-watt. 

Rs,  R11  —  0.3-megohm,  J^-watt. 
R13,  Rh  —  1.0-megohm  potentiom- 
eter. 

R17,  R10  —  0.1-megohm,  watt. 
Ris  —  20,000  ohms,  J^-watt. 

R22  —  75,000  ohms,  J^-watt. 

Ras  —  1750  ohms,  J/j-watt. 

Ras  — 12,000  ohms,  1-watt. 

R2e  —  13,000  ohms,  1-watt. 

R27  —  15,000  ohms,  J4-watt. 

R28  —  2000  ohms,  )4-watt. 

R20,  R30  —  60,000  ohms,  J^-watt. 


R31  —  200  ohms,  1-watt. 

R32  —  25,000  ohms,  1-watt. 

Ras  —  60,000  ohms,  10-watt. 

SW  —  3-circuit,  4-point  switch 
(Mallory-Yaxley  3234J). 

F  —  Low-,  high-  and  band-pass 
audio  filter  (UTC  VT-10). 

T  —  700-volt  120-ma.  power  trans¬ 
former  with  6.3-volt  with 
3.5  amp.  heater  winding 
(Thordarson  T-13R14). 

Li,  La  —  10-henry,  110-ma.  filter 
chokes  (Thordarson  T- 
57C53). 
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Fig.  1218  —  Bottom  view  of 
amplifier  wilh  compressor  and 
filter.  Althougb  crowded,  com- 
ponents  most  likely  to  require 
replacement  or  adjustment  are 
reasonably  accessible.  Plug -in 
connectors  are  provided  for  a.c. 
supply,  output,  mixer  input,  and 
microphone. 


•  SIDE-BAND  LIMITING  AND  COMPRES- 

SION 

In  voice  work  it  is  not  only  necessary  that 
the  signal  be  reasonably  strong  at  the  receiving 
point,  but  its  modulation  must  be  intelligible. 
Maximum  efficiency  in  terms  of  intelligibility 
can  be  achieved  by  a  high  average  modulation 
level  and  by  concentrating  the  speech  energy 
in  those  frequencies  which  contribute  most 
to  articulation. 

The  average  modulation  level  can  be  in- 
creased  without  objectionable  overmodulation 
by  giving  the  amplifier  a  gain  characteristic 
such  that  the  modulation  percentage  is  higher 
than  normal  for  low  inputs  and  flattens  ofï  for 
peaks.  This  is  accomplished  by  using  a  side 
amplifier  and  diode  rectifier,  the  varying  d.c. 
output  of  which  is  used  to  bias  a  remote  cut-off 
pentagrid  amplifier,  thus  changing  its  gain  in 
inverse  proportion  to  the  input  signal  strength. 

Concentration  of  speech  energy  for  most 
efficiënt  transmissiën  can  be  accomplished  by 
the  use  of  low-,  high-  and  band-pass  a.f.  filters. 
The  frequencies  below  about  300  cycles  have  a 
larger  proportionate  energy  content  than  those 
above,  yet  do  not  contribute  appreciably  to 
intelligibility  (not  to  be  confused  with  natural- 
ness).  Their  elimination  allows  more  energy  to 
be  used  for  the  remaining  frequencies  before 
overmodulation  occurs.  Hum  is  also  reduced. 
Elimination  of  frequencies  above  about  3000 
cycles  takes  out  hiss  and  sibilants,  as  well  as 
improving  the  energy  content  somewhat,  and 
reduces  side-band  splatter  and  general  inter- 
ference.  Since  these  frequencies  are  seldom 
passed  by  the  ordinary  Communications  re- 
ceiver,  little  is  lost  in  the  way  of  quality. 

Actual  tests  indicate  that,  with  the  use  of  a 
suitable  band-pass  filter,  it  is  possible  to  get 
good  intelligibility  under  interference  condi- 
tions  such  that  less  than  10  per  cent  intelligi¬ 
bility  is  reported  when  full  frequency  response 
is  used. 

Figs.  1216-1218  show  a  speech  amplifier  in 
which  the  use  of  a  band-pass  filter  and  com- 
pression  circuit  give  a  several-times  increase 


in  the  average  effective  power  of  the  trans- 
mitter  with  which  it  is  used. 

The  customary  high-gain  pentode  input 
stage  is  followed  by  a  6L7  (or  the  non-micro- 
phonic  1612)  which  is  used  as  the  variable- 
gain  amplifier.  D.c.  voltage  from  the  6SJ7-6H6 
side  amplifier  and  rectifier  combination  biases 
the  6L7  increasingly  negative  as  the  signal 
rises,  reducing  its  gain.  The  degree  of  compres- 
sion  is  controlled  by  72i3 ;  it  is  independent  of 
the  actual  gain  control,  Ru. 

The  use  of  an  oscilloscope  in  adjusting  the 
compressor  is  strongly  advised,  in  order  to 
avoid  operation  in  regions  where  distortion 
occurs.  Gain  and  compression  Controls  should 
be  adjusted  simultaneously  until  maximum 
limiting  occurs  at  the  100  per  cent  modulation 
point  with  full  input.  The  time-delay  control, 
ff  12,  can  then  be  adjusted  to  give  the  smallest 
delay  possible  without  introducing  distortion. 

Folio wing  the  6L7  is  a  6N7,  which  serves 
both  as  a  mixer  and  as  input  to  the  audio  filter. 
The  mixer  channel  can  be  connected  to  the 
receiver  output  or  other  signal  source  for  re- 
transmission  or  separate  pick-up,  as  desired. 
The  filter  is  connected  into  the  circuit  by  means 
of  a  4-point  switch,  with  the  following  posi- 
tions:  1,  low-pass;  2,  high-pass;  3,  band-pass; 
4,  full-pass.  Thus  the  transmitter  quality  can 
be  adjusted  to  the  transmission  conditions 
encountered. 

As  show'n,  a  6C5  is  used  to  drive  a  single  6L6. 
The  6L6  cathode  resistor  is  unby-passed  to 
make  the  amplifier  slightly  degenerative.  This 
arrangement  provides  a  power  output  of  about 
6.5  watts  with  reasonably-low  distortion,  or 
enough  to  drive  the  average  modulator  of  100- 
250  audio  watts  capability.  Alternatively,  the 
6C5  could  be  operated  into  a  tube-to-line 
transformer  to  supply  push-pull  2A3’s  or 
6L6’s  as  drivers  in  a  separate  driver-modulator 
combination. 

•  CLASS-B  MODULATORS 

Class-B  modulator  circuits  are  practically 
identical  no  matter  what  the  power  output  of 


198 


CHAPTER  TWELVE 


Construction  of  Modulation  Equipment 


Fig.  1219  —  Class-B  modulator  circuit  diagrams.  Cir¬ 
cuit  considerations  are  discussed  in  the  text. 

the  modulator.  The  diagrams  of  Fig.  1219 
therefore  will  serve  for  any  modulator  of  this 
type  that  the  amateur  may  elect  to  build. 
The  triode  circuit  is  given  at  A,  and  the  circuit 
for  tetrodes  at  B.  When  small  tubes  with  in- 


directly  heated  cathodes  are  used,  the  cathode 
should  be  connected  to  ground. 

Design  considerations  for  Class-B  stages  are 
discussed  in  Chapter  6,  and  data  on  the  per¬ 
formance  of  various  tubes  suitable  for  the 
purpose  also  will  be  found  in  that  chapter.  Once 
the  requisite  audio  power  output  has  been 
determined,  and  the  pair  of  tubes  capable  of 
giving  that  output  selected,  an  output  trans- 
former  may  be  secured  which  will  permit 
matching  the  rated  modulator  load  impedance 
to  the  modulating  impedance  of  the  r.f.  ampli- 
fier,  and  similarly,  a  driver  transformer  selected 
which  will  couple  the  driver  stage  to  the  Class- 
B  grids  properly. 

The  plate  power  supply  for  the  modulator 
should  have  good  voltage  regulation  and 
should  be  well  filtered.  It  is  particularly  im¬ 
portant,  in  the  case  of  a  tetrode  Class-B  stage, 
that  the  screen  supply  have  excellent  regula¬ 
tion  to  prevent  distortion.  The  screen  voltage 
should  be  set  as  exactly  as  possible  to  the 
recommended  value. 

In  estimating  the  output  of  the  modulator,  it 
should  be  remembered  that  the  figures  given  in 
the  tables  of  Chapter  6  are  tube  output  only, 
and  do  not  include  output  transformer  losses. 
The  efficiency  of  the  output  transformer  will 
vary  with  its  construction,  and  may  be  as- 
sumed  to  be  in  the  vicinity  of  80  per  cent  for  the 
less  expensive  units  and  somewhat  higher  for 
higher-priced  transformers.  To  be  adequate  for 
modulating  the  transmitter,  therefore,  the 
modulator  should  have  a  theoretical  power 
capability  about  25  per  cent  greater  than  the 
actual  power  needed  for  modulation. 


Fig.  1220  —  Chassis-less  con¬ 
struction  for  a  low -power  Class-B 
modulator.  Small  tubes  and  trans¬ 
formers  capable  of  an  audio  out¬ 
put  of  the  order  of  100  watts  may 
be  supported  directly  from  the 
panel. 


Fig.  1221  — -  A  rear  view  of  the 
modulator  of  Fig.  1220,  showing  how 
the  component»  are  supported.  The 
panel  is  relay-rack  size,  inches 
high. 
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Fig.  1222  —  A  conventional  chassis  ar¬ 
rangement  for  low  and  medium  power 
Class-B  modulators.  The  layout  follows  the 
circuit  diagram.  In  building  modulation 
equipment  the  safety  considerations  dis- 
cussed  in  connection  with  transmitters  and 
power  supplies  (Chapters  10  and  11)  should 
be  observed.  Feed-through  terminals  such  as 
those  shown  should  be  covered  by  a  guard 
plate  or  hy  mbber  sleeves  when  the  modu¬ 
lator  is  installed  in  the  rack  so  that  no  high- 
voltage  parts  are  exposed.  Safety  screw-on 
terminals  may  be  used  instead. 


Fig.  1223  —  The  simplicity  of  modulator 
wiring  is  evident  in  this  view  of  the  bottom 
of  the  chassis  of  the  modulator  unit  shown 
in  Fig.  1222. 


Fig.  1224  —  A  chassis  arrangement  for  a  higher-power 
Class-B  modulator.  This  unit  has  a  filament  transformer 
for  the  tubes  mounted  on  the  chassis,  as  well  as  the  input 
and  output  transformers.  In  cases  where  the  input 
transformer  is  included  with  the  speech  amplifier,  less 
chassis  space  is  needed.  The  tubes  are  placed  to  the  rear 
where  ventilation  is  good. 

The  plate  milliammeter  is  provided  with  a  small  plate 
over  the  adjusting  screw  to  prevent  touching  the  screw 
accidentally.  A  Presdwood  panel  was  used  for  this 
modulator;  with  metal  panels  the  meter  should  be 
mounted  hehind  glass  on  a  well-insulated  mount  (the 
meter  insulation  is  not  intended  for  volta  ges  greater  than 
a  few  hundred)  or  else  should  be  connected  in  the  fila¬ 
ment  center-tap  rather  than  in  the  positive  high-voltage 
lead. 


The  input  transformer,  T i,  may  couple 
directly  between  the  driver  tube  and  the  modu¬ 
lator  grids  or  may  be  designed  to  work  from  a 
low-impedanee  (200-  or  500-ohm)  line.  In  the 
latter  case  a  tube-to-line  output  transformer 
must  be  used  at  the  driver  stage.  This  type  of 
coupling  is  recommended  only  when  the  driver 
must  be  at  a  considerable  distance  from  the 


Fig.  1225  —  Bottom  view  of  the  modulator  of  Fig. 
1224.  Mounting  the  sockets  below  the  chassis  saves 
panel  height  and  conceals  the  wiring.  The  output  termi¬ 
nals  should  be  protected  as  describcd  in  connection  witb 

Fig.  1222. 
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Fig.  1226  —  With  high-power  modulators, 
componcnts  become  so  largc  that  chassis 
space  is  at  a  premium  in  relay-rack  cou- 
struction.  There  is,  however,  room  for  either 
the  input  transformer  or  a  filament  trans¬ 
former  on  the  chassis.  See  Fig.  1224  for  dis- 
cussion  of  meter  mounting. 


modulator,  however,  because  the  second 
transformer  not  only  introducés  additional 
losses  but  also  further  impairs  the  voltage 
regulation. 

When  “C”  bias  is  required  for  tho  modu¬ 
lator,  the  bias  source  must  have  very  low  re- 
sistance.  Batteries  are  the  most  suitable  source 
of  bias.  In  cases  where  the  voltage  values  are 
right,  regulator  tubes  such  as  the  VR-75,  VR- 
105,  etc.,  may  be  connected  across  a  tap  on  an 
a.c.  bias  supply  and  will  hold  the  bias  voltage 
steady  under  grid-current  conditions.  Gener- 
ally,  however,  zero-bias  tubes  are  preferable 
not  only  because  no  bias  supply  is  required  but 
also  because  the  loading  on  the  driver  stage  is 


less  variable  and  driver  distortion  is  conse- 
quently  reduced. 

Condenser  C i  in  these  diagrams  will  give  a 
“  tone-control  ”  effect  and  filter  off  high-fre- 
quency  side-bands  (splatter)  caused  by  distor¬ 
tion  in  the  modulator  or  preceding  speeeh- 
amplifier  stages.  Values  in  the  neighborhood 
of  0.002  to  0.005  pfd.  are  suitable.  The  voltage 
rating  should  be  adequate  for  the  peak  voltage 
across  the  transformer  secondary.  The  plate 
by-pass  condenser  in  the  modulated  amplifier 
will  serve  the  same  purpose. 

The  various  photographs  illustrate  different 
types  of  construction  which  may  be  used  for 
Class-B  modulators  of  various  power  outputs. 
Placement  of  parts  is  not  critical. 
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]V£ost  of  the  units  de- 
scribed  in  the  constructional 
chapters  of  this  handbook 
are  designed  for  Standard 
rack  mounting  and,  there- 
fore,  the  assembly  of  a  se- 
lected  group  of  units  to  form 
a  complete  transmitter  is 
a  relatively  simple  matter. 
While  Standard  metal  racks 
are  available  on  the  market, 
many  amateurs  prefer  to 
build  their  own  from  less  ex- 
pensive  wood  stock.  With 
a  little  care,  an  excellent 
substitute  can  be  made. 

The  plan  of  a  rack  of 
Standard  dimensions  is 
shown  in  Fig.  1301.  The  rack 
is  constructed  entirely  of  1" 
X  2"  stock  of  smooth  pine, 
spruce  or  redwood,  with  the 
exception  of  the  trimming 
strips,  M,  N,  O  and  P.  Since 
the  actual  size  of  Standard 
1"  X  2"  stock  runs  appre- 
ciably  below  these  dimen¬ 
sions,  a  much  sturdier  job 
will  result  if  pieces  are  ob- 
tained  cut  to  the  full  dimen¬ 
sions. 

The  two  main  vertical 
supporting  members  are 
each  comprised  of  two  pieces 
( A  and  B,  and  I  and  J) 
fastened  together  at  right 
angles.  Each  pair  of  pieces 
is  fastened  together  by  No. 
8  flat  head  screws,  counter  - 
sunk. 

Before  fastening  these 
pairs  together,  pieces  A  and 
J  should  be  made  exactly 
the  same  length  and  drilled 
in  the  proper  places  for  the 
mounting  screws  using  a 
No.  30  drill.  The  length  of 
pieces  A,  J,  B  and  I  should 
equal  the  total  height  of 
all  panels  required  for  the 


Fig.  1301  —  The  Standard  rack.  A  —  Side  view,  B  —  front  view,  C  —  Top 
view,  D  —  Upper  right  hand  corner  detail,  E  —  Panel  and  chassis  assembly, 
F,  G,  H  —  Various  type»  of  panel  brackets,  I  —  A  substitute  for  the  metal 

chassis. 


202 


CHAPTER  THIRTEEN 


ra  +  HV  TERMINALS  TO  8IAS  TERMINALS 

OF  TRANSMITTER  UNITS  OF  TRANSMITTER  UNITS 


+  H.V-  A  -  BIAS 


+  &IAS  -H.V.  +  BIAS  -H.V. 


Fig.  1302  —  Various  methods  of  metering  grid  and 
platc  currcnts.  A  —  High-voltage  metering.  B  —  Catb- 
ode  metering.  C  —  Shunt  metering. 

transmitter  plus  twice  the  sum  of  the  thickness 
and  width  of  the  material  used.  If  the  dimen- 
sions  of  the  stock  are  exaetly  1"  X  2",  then  6" 
must  be  added  to  the  sum  of  the  panel  heights. 
An  inspection  of  the  top  and  bottom  of  the 
rack  in  the  drawing  will  reveal  the  reason  for 
this.  The  first  mounting  hole  should  come  at  a 
distance  of  }4"  plus  the  sum  of  the  thickness 
and  width  of  the  material  from  'either  end  of 
pieces  A  and  J.  This  distance  will  be  Z\4"  for 
stock  exaetly  1"  X  2".  The  second  hole  will 


Complete  Transmitters 

come  114"  from  the  first,  the  third  A"  from 
the  second,  the  fourth  1  \i"  from  the  third  and 
so  on,  alternating  spacings  between  A"  and 
1 14"  (see  detail  drawing  D,  Fig.  1301).  All 
holes  should  be  placed  %"  from  the  inside 
edges  of  the  vertical  members. 

The  two  vertical  members  are  fastened  to- 
gether  by  cross-member  K  at  the  top  and  L  at 
the  bottom.  These  should  be  of  such  a  length 
that  the  inside  edges  of  A  and  J  are  exaetly 


CKT.  I  CKT  2  CKT.  3  CKT.  i  CKT.  S 


Fig.  1304  —  Method  of  switching  a  milliammeter  to 
various  circuitB  with  a  two-gang  switch.  The  control 
shaft  should  be  well  insulated  from  the  contacts  and 
grounded.  The  resistances  should  be  ten  to  twenty  times 
the  resiBtanre  of  the  meter;  20  ohms  will  usually  be 
eatisfactory. 


17  A"  apart  at  all  points.  This  will  bring  the 
lines  of  mounting  holes  18  A"  center  to  center. 
Extending  back  from  the  bottoms  of  the  ver¬ 
tical  members  are  pieces  G  and  D  connected 
together  by  cross-members  L,  Q  and  E,  forming 
the  base.  The  length  of  the  pieces  D  and  G 
will  depend  upon  space  requirements  of  the 
largest  power  supply  unit  which  will  rest  upon 
it.  The  vertical  members  are  braced  against 
the  base  by  diagonal  members  C  and  H.  Rear 
support  for  heavy  units  placed  above  the  base 
may  be  provided  by  mounting  angles  on  the  in- 


Sob panel 


WK 


*5} 


' Cb/nps 


_ Standard 

y/4  in  portel 

6/asi  behntj 
- cut-out  in 
front  panel 


Fig.  1303  —  Safety  panel  for  meters.  The  meters  are  mounted  in  the  usual  manner  on  an  insulating  suh-panel 
spaced  back  of  a  glass-covered  opening  in  the  front  panel.  The  glass  is  fastened  in  place  with  metal  clamps  or  tab* 
fastened  to  the  front  panel  with  smal!  screws  or  pins.  The  front  panel  is  of  Standard  si*e  19  in.  by  in. 
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Fig.  1305 —  Low-power  c.w. 
transmitter  made  up  from  the 
units  showD  in  Figs.  1003,  1046 
and  1102.  The  panel  is  of  Stand¬ 
ard  rack  sise,  7  in.  high  by  19  in. 
long.  The  meter  has  a  range  of 
200  ma.  The  three  chassis  are 
bolted  together  with  machine 
screws  and  the  two  outside  units 
are  then  fastened  to  the  panel. 
Fig.  1306  shows  the  slight  altera- 
tions  which  are  required  in  the 
power  supply.  The  link-output 
terminals  of  the  oscillator  are 
connected  to  the  link-input  ter¬ 
minals  of  the  antenna-tuner  unit 
by  a  pair  of  closely-spaced  wires. 


Fig.  1306  —  Dia¬ 
gram  showing  altera - 
tions  in  connections  in 
power-supply  unit  of 
Fig.  1102  for  the  low- 
power  c.w.  transmitter  of  Fig.  1305.  A  50-watt,  15,000- 
ohm  resistor,  Ri,  with  slider  rcplaces  R.  The  connection 
to  the  negative  high-voltage  prong  is  removed  and  the 
positive  side  of  the  meter  connected  to  this  prong.  The 
negative  side  of  the  meter  is  connected  to  the  chassis. 
The  slider  on  the  voltage  divider  connects  to  the  vacant 
prong  of  the  power  output  socket,  thereby  supplying 
screen  voltage  for  the  6L6. 


Fig.  130 7  —  A  450-watt  band-switching  transmitter 
with  grid  modulator  included  for  150-watt  ’phone. 
Complete  layout  shown  in  Fig.  1308. 


sides  of  C  and  H,  or  by  connecting  them  with 
cross-members  at  suitable  heights  as  shown 
at  F. 

To  finish  off  the  front  of  the  rack  pieces  of 
oak  strip  ( M ,  N,  0,  P)  are  fastened  around 
the  edges  with  small-head  finishing  nails.  The 
heads  are  set  below  the  surface  and  the  holes 
plugged  with  putty  or  plastic  wood.  They 
should  be  of  such  a  width  that  the  top  and 
bottom  edges  of  O  and  P  respectively  should  be 
l/i"  from  the  first  mounting  holes  and  the 
distance  between  the  inside  edges  of  the  verti- 
cal  strips,  N  and  P,  19^6". 

To  prevent  the  screw  holes  from  wearing  out 
when  panels  are  changed  frequently,  X 
Ke"  or  H2"  thick  iron  or  brass  strip  may  be 
used  to  back  up  the  vertical  members  of  the 
frame. 

The  outside  surfaces  should  be  sandpapered 
thoroughly  and  given  one  or  two  coats  of  flat 
black  finish,  sandpapering  between  coats.  A 
finishing  surface  of  two  coats  of  glossy  black 
“Duco”  is  then  applied,  again  sandpapering 
between  coats.  It  is  important  to  allow  each 
coat  to  dry  thoroughly  before  applying  the 
next,  or  sandpapering. 

Since  the  combined  weights  of  power  sup- 
plies,  modulator  equipment,  etc.,  may  total  to 
a  surprising  figure,  the  rack  should  be  provided 
with  rollers  or  wheels  so  that  it  may  be  moved 
about  when  necessary  after  the  transmitter  has 
been  assembled.  For  this  purpose,  ball  bearing 
roller-skate  wheels  are  excellent. 

Standard  chassis  are  17  inches  wide.  Stand¬ 
ard  panels  are  19  inches  wide  and  multiples  of 
1%  inches  high.  Panel  mounting  holes  start 
with  the  first  one  at  J^-inch  from  the  edgeof  the 
panel,  the  second  1 J4  inches  from  the  first,  the 
third  34-inch  from  the  second,  the  fourth  1J4 
inches  from  the  third  and  the  distan  ces  between 
holes  from  there  on  alternate  between  h-j-ineh 
and  inches.  (See  detail  D,  Fig.  1301.)  In  a 
panel  higher  than  two  or  three  rack  units 
(1/4  in.),  it  is  common  practice  to  drill  only 
sufficiënt  holes  to  provide  a  secure  mounting. 
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A  —  Antenna  tuner  (Fig.  1052). 

B  —  Band-switchingp.p.  T55  final  amplifier  (Fig.  1039). 

C  —  Band-switcbing  807  exciter  (Fig.  1022). 

R  —  Adjustable  dropping  resistor  to  drop  300  volts 
to  250  volts  for  exciter. 

D  —  Meter  panel.  Mi  —  for  final-amplifier  plate  cur- 
rent,  0-500  ma. 

M2  —  For  final -amplifier  grid  current,  0-150  ma. 

Ma  —  For  modulator  plate  current,  0—150  ma. 

E  —  Grid  modulator  (Fig.  1205).  Half  of  output  trans- 
former  output  winding  used  (see  text  referring 
to  Fig.  1205'.  For  loading  of  final  grid  circuit 
see  Chap.  16. 

F  —  Power-supply  for  modulator,  6.3-volt,  4-amp.  fila- 
ment  transformer  for  modulator  and  exciter. 


Complete  Transmitters 


ANT. 


Fig.  1309  —  Complete  layout  for  450-watt  c.w.  trans- 

mitter. 

A  —  Wide-range  antenna  coupler  (Fig.  1052). 

B  —  P.p.  812  final  amplifier  (Fig.  1034).  Remove  grid 
leaks  R  and  Ri. 

C  —  Plug-in  807  exciter  unit  (Fig.  1018). 

D  —  Meter  panel.  M  —  reading  final-amplifier  grid  and 
plate  currents,  0-100  ma.  (See  text  referring  to 
Fig.  1034  regarding  shunts.)  6-volt,  3-amp.  fila¬ 
ment  transformer  mounted  on  sub-panel  to 
supply  exciter  heaters. 

E  —  Bias  supply  (Fig.  1112).  Adjustment  shown  in  de¬ 
tail.  This  unit  also  contains  45-volt  battery  for 
807  bias. 

F  —  750-volt  plate  supply  for  exciter  (Fig.  1110). 

G  —  1500-volt  plate  supply  for  final  amplifier  (Fig. 
1123). _ 

G  —  Bias  supply  for  exciter  and  final  amplifier  (Fig. 
1113).  Connections  shown  in  detail.  Unit  also 
contains  45-volt  battery  for  807  bias. 

H  —  750-volt  supply  for  exciter  (Fig.  1110). 

I  —  1500-volt  supply  for  final  amplifier  (Fig.  1123). 
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Fig.  1310 — Layout  for  300-watt  ’phone-c.w.  trans- 
nutter. 

A  —  Antenna  tuner  (Fig.  1049). 

B  —  Push-pull  final  amplifier,  812’s  (Fig.  1034)  oper- 
ated  at  1250  volts,  250  ma.  Remove  grid  leaks 
R  and  Ri. 

C  —  Band-switching  807  exciter  (Fig.  1018). 

D  —  Meter  panel.  Mi  —  0-100  ma.  for  final-amplifier 


Fig.  1311 — 200-250-watt  transmitter  for  c.w.  or 
plate-modulated  phone.  Rear  view  shown  in  Fig.  1313 
and  complete  layout  in  Fig.  1312. 

All  panel  holes  should  come  %-incb.  from  each 
edge. 

Metering 

Various  methods  of  metering  are  shown  in 
Fig.  1302.  A  shows  the  meters  placed  in  the 
high-voltage  plate  and  bias  circuits.  Mi  and 
Mt  are  for  plate  current  and  Mj  and  Mi  for 
grid  current.  When  more  than  one  stage  oper- 
ates  from  the  same  plate-voltage  or  bias- 
voltage  supply,  each  stage  may  be  metered  as 
shown.  If  this  system  of  metering  is  used,  the 
meters  should  be  mounted  so  that  the  meter 
dials  are  not  accessible  to  accidental  contact 
with  the  adjusting  screw.  One  method  of 

grid  and  plate  currents.  (See  text  referring  to 
Fig.  1034  regarding  shunts.) 

Ma  —  0-300  ma.  for  modulator  plate  current. 

Ms  —  0-100  ma.  for  speech  amplifier. 

E  —  TZ40  modulator  (Fig.  1222)  operated  at  1250  volts, 
4.5-volts  hias.  Set  output  transformer  for  14,000 
to  5000  ohms. 

F  —  Bias  supply  (Fig.  1112).  Adjustment  shown  in  de¬ 
tail.  This  unit  also  contains  45-volt  battery  for 
807  bias. 

G  —  Power-supply  unit  containing  300-volt,  200-ma. 
plate  supply  for  speecb  amplifier  and  exciter; 
6.3-volt,  4-amp.  and  7.5-volt,  5-amp.  filament 
transformers  for  speech-amplifier  and  modula¬ 
tor  filaments. 

H  —  750-volt  plate  supply  for  exciter  (Fig.  1110). 

I  —  1250-volt  plate  supply  for  final  amplifier  and  modu¬ 
lator  (Fig.  1116). 

J  —  Speech  amplifier  (Fig.  1204),  2500-ohm-to-line 
transformer  substituted  for  Ti . 
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Fig.  1313  —  Rear  view  of  200-watt  plate-modulated 
transmitter  showing  antenna  coupler,  r.f.  unit,  modu¬ 
lator  and  speech  amplifier. 

mounting  is  shown  in  Fig.  1303  where  the 
meters  are  mounted  behind  a  glass  panel. 

When  plate  milliammeters  are  to  be  mounted 
on  metal  panels,  care  must  be  taken  to  see 
that  the  insulation  is  sufficiënt  to  withstand 
the  plate  voltage.  Metal  case  instruments 
should  not  be  mounted  on  a  grounded  metal 
panel  if  the  difference  in  potential  between  the 
meter  and  panel  is  more  than  300  volts;  instru¬ 
ments  with  bakelite  cases  can  be  used  under 
similar  circumstances  at  voltages  up  to  1000. 
At  higher  voltages  an  insulating  panel  should 
be  used. 

The  placing  of  meters  at  high-voltage  points 
in  the  circuit  may  be  overcome  by  the  use  of 
connections  shown  in  Fig.  1302-A  and  -B.  The 
disadvantage  of  the  arrangements  of  B  is  that 
the  meter  reads  total  cathode  current  and  grid 
and  plate  currents  cannot  be  metered  indi- 

Fig.  1312  —  Complete  layout  for  200-  to  250-watt 
transmitter  with  plate  modulation. 

A  —  Antenna  couplcr  (Fig.  1049). 

B  —  R.F.  unit,  6V6-807-75T  (Fig.  1029).  Final  operated 
at  1250  v.,  175  ma.  Cathode  keying  of  807 
shown. 

C  —  Meter  panel.  Mi  —  0-150  ma.  on  3-pt.,  douhle- 
gang  switch  for  exciter-cathode  and  final-grid 
currents.  Shunt  resistors  in  detail  20  ohms. 

Mj  —  0—400  or  500  ma.  for  final-amplifier  cathode 
current. 

Ma  — 0-3O0  ma.  on  2-pt.,  double-gang  switch  for 
modulator  and  speech-amplifier  plate  currents. 
Shunts  20  ohms.  Switch  must  be  ingulated  for 
high  voltage. 
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D  —  Modulator  (Fig.  1222).  TZ40’s  operating  at  1250 
v.  plate  and  4.5  v.  bias.  Output  transformer  set 
for  14,000  to  7200  ohms. 

E  —  Speech  amplifier  (Fig.  1204)  with  2500-ohm  to 
line  output  transformer  substituted  for  Ti. 

F  —  Power-supply  unit  containing  300-v.,  100-ma. 
plate  supply  for  speech  amplifier,  6.3-v.,  3-a. 
and  7.5-v.,  5-a.  filament  transformers  for  speech 
and  modulator  units  and  4.5-v.  battery  for 
modulator  bias. 

6  —  Bias  supply  for  final  amplifier.  150  to  300-v.  supply 
with  10,000 -ohm  bleeder. 

H  —  600-v.  plate  supply  for  807  (Fig.  1110). 

I  —  1250-v.  plate  supply  for  modulator  and  final 

amplifier  (Fig.  1116). 
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Fig.  1314  —  Complete  Iayout  for  1-kw.  transmitter, 
including  optiooal  modulation  systemg. 

A  —  Antenna  timer.  Circuit  diagram  game  as  Fig. 
1051,  Iayout  Fig.  1050.  Use  condenser  with  240 
per  section,  0.1-in.  spacing.  (Cardwell 


XE240KD.)  Use  B  &  W  HDVL  series  or  equiva 
lent  for  coils. 

B  —  Push -poll  final  ampiifier,  810’s  (Fig.  1044)  oper 
ated  at  2000  volts,  500  ma.  for  telegraphy. 

C  —  6L6-6L6-HY51  exciter  (Fig.  1025). 
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vidually.  This  disadvantage  is  overcome  in  C 
where  the  meters  are  connected  across  low  re- 
sistances  in  grid  and  plate  return  circuits.  M\ 
reads  grid  current  and  Mi  plate  current.  The 
resistance  should  be  of  a  value  of  not  more 
than  10  to  20  times  the  resistance  of  the  meter 
and  should  be  of  sufficiënt  power  rating  so  that 
there  will  be  no  possibility  of  resistor  burn-out. 
If  desired,  the  resistance  values  may  be  ad- 
justed  to  form  a  multiplier  scale  for  the  meter 
(see  Chap.  17).  The  same  principle  is  used  in 
the  meter  switching  system  of  Fig.  1304. 

Meters  may  also  be  shifted  from  one  stage  to 
another  by  a  plug  and  jack  system,  but  this 
system  should  not  be  used  unless  it  is  possible 
to  ground  the  frame  of  the  jack  or  unless  a 
suitable  guard  is  provided  around  the  meter 
jacks  to  make  personal  contact  with  high  volt¬ 
ages  impossible  in  normal  use  of  the  plug. 

Complete  Tranamitters 
Several  examples  of  the  correct  combining  of 
units  described  in  Chapters  10,  11  and  12  are 
shown  in  the  sketches  of  Figs.  1305  to  1314. 
They  are  complete  from  antenna  tuners  to 
control  systems.  Essential  information  is  given 
under  each  sketch  and  references  are  made  to 
descriptions  of  each  individual  unit  used. 

D  —  Meter  panel. 

Mi  — Oscillator  cathode  meter  (0-100  ma.). 

Mz  —  Doubler  cathode  meter  (0-150  ma.). 

Ma  —  Buffer  grid  meter  (0-100  ma.). 

M*  —  Buffer  catbode  meter  (0-500  ma.). 

Ms  —  Final  grid  meter  (0-200  ma.). 

Ma  —  Final  plate  meter  (0-1000  ma.). 

E  —  Bias  and  filament-supply  unit,  containing  160-voh 
bias  pack  and  45-volt  battery.  (See  detail.) 
Also  6.3-volt,  2-amp.  transformer  and  7.5-volt, 
4-amp.  transformer  for  exciter. 

F  —  400-volt,  200-ma.  supply. 

G  —  1000-volt,  250-ma.  supply  (Fig.  1116). 

H  —  2000-volt,  500-ma.  supply  (Fig.  1124). 

Grid  modulator. 

I  — 20-watt  speech  amplifier  (Fig.  1207).  Output  trans, 
former  set  at  turn»  ratio  primary  to  secondary 
3.14  to  1,  with  1000-ohm  loading  resistance  as 
shown  and  VR150  for  regulating  bias  voltage. 
Operating  conditions  for  final  amplifier  —  grid 
current  —  4  ma.,  plate  curreut  — 184  ma., 
driving  power  —  8  watts  (load  driver  as  de¬ 
scribed  in  Chap.  16).  Power  Output  120  watts. 
J  —  Power-supply  unit  delivering  270  volts,  200  ma. 

and  6.3  volts,  4-amp.  for  modulator. 

Cathode  modulator. 

K  —  200-watt  modulator,  similar  to  Fig.  1224  with 


(OmLt  connechon  between  Dn  and  Ht) 

PLATE  MODULATOR 


Fig.  1314A  —  Plate  modulator  for  1-kw.  transmitter. 

P  —  500-watt  modulator,  similar  to  Fig.  1226  with  810 
tubes  operating  at  2000  volts  plate,  50  volts 
bias,  or  other  tubes  adjusted  for  500-watt  out¬ 
put,  with  line-to-grid  input  transformer.  Output 
transformer  set  for  11,000  ohms  primary  to  3600 
ohms  secondary  (M8-0-1000  ma.). 

Q  —  30-watt  speech-amplifier -driver  (Fig.  1210).  Plate- 
to-line  output  transformer. 

S  —  Power-supply  unit  for  speech-amplifier-driver. 
360-volts,  250  ma.  and  6.3  volts,  4  amp.  Also 
contains  50-volt  biasing  battery  for  modulator 
and  22.5-volt  biasing  battery  for  driver. 

T  —  2000-volt,  500-ma.  supply  for  modulator  (Fig. 
1124). 

Operating  conditions  for  final  amplifier-plate  —  1800 

volts,  500  ma.,  grid  —  200  volts,  100  ma. 

Inpnt  900  watts,  output  670  watts. 

203-A  tubes  operating  at  1000  volts,  35-volt 
bias,  or  other  tubes  adjusted  for  200-watt  out¬ 
put.  Output  transformer  set  for  6900  ohms 
primary  to  2200  ohms  secondary  (M7-0-500 
ma.). 

L — 20-watt  speech  amplifier -driver.  (See  I.)  Plate-to- 
line  output  transformer. 

N  —  270-volt  and  6.3-volt  power  supply  for  speech- 
amplifier-driver.  (See  J.) 

O  —  1000-volt,  250-ma.  supply  for  modulator.  (See  G. 

Operating  conditions  for  final  amplifier-plate  — 
1800  volts,  plate  current  325  ma.,  power  input 
585  watts,  power  output  315  watts. 
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Transmitter  Adjustment 

Tuning  Crystal  Oscillators,  Frequency  Multipliers  and  Power 
Amplifiers  —  Neutralizing — ■  Adjustment  of  Coupling  and 
Excitation —  Trouble-Shooting 


Tuning  Triode,  Tetrode  or  Pentode 
Crystal  Oscillators 

ThE  tuning  characteristics  and  procedure  to 
be  followed  in  tuning  are  essentially  the  same 
for  a  triode,  tetrode  or  pentode  crystal  oscil- 
lator.  In  each  case,  tuning  is  chiefly  a  mat¬ 
ter  of  obtaining  the  greatest  amount  of  power 
output  consistent  with  safe  input  and  reliable 
crystal  operation. 

Using  a  plate  milliammeter  as  an  indicator 
of  oscillation  (a  0-100  ma.  d.c.  meter  will  have 
ample  range  for  all  low-power  oscillators),  the 
plate  current  will  be  found  to  be  steady  when 
the  circuit  is  in  the  non-oscillating  state,  but 
will  dip  when  the  plate  condenser  is  tuned 
through  resonance  at  the  crystal  frequency. 
Fig.  1401  is  typical  of  the  behavior  of  plate  cur¬ 
rent  as  the  tank  oondenser  capacity  is  varied. 
As  the  capacity  is  increased  from  minimum, 
there  will  be  a  rather  gradual  decrease  in  plate 
current  after  oscillations  commence.  This  con- 
tinues  until  the  point  A  is  reached,  when 
there  will  be  a  sharp  rise  in  plate  current,  fol¬ 
lowed  by  cessation  of  oscillations.  An  r.f. 
indicator,  such  as  a  small  neon  bulb  touched  to 
the  plate  end  of  the  tank  coil,  will  show  maxi¬ 
mum  at  point  A.  Ho  wever,  when  the  oscillator 
is  delivering  power  to  a  load  it  is  best  to  oper- 
ate  in  the  region  B-C,  since  the  oscillator  will 
be  more  stable  and  there  is  less  likelihood  that 
a  slight  change  in  loading  will  throw  the  circuit 
out  of  oscillation.  This  is  likely  to  happen  when 
operation  is  too  near  the  critical  point,  A.  Also, 
the  crystal  current  is  lower  in  the  B-C  region. 

When  power  is  taken  from  the  oscillator,  the 
dip  in  plate  current  is  less  pronounced,  as  in- 
dicated  by  the  dotted  curve.  The  greater  the 
power  output  the  less  is  the  dip  in  plate  current. 
If  the  load  is  made  too  great,  oscillations  will 


Fig.  1401  —  D.C.  plate 
current  vs.  plate  tuning 
capacity  with  the  triode, 
tetrode  or  pentode  crystal 
oscillator. 
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not  start.  Loading  is  adjusted  by  varying  the 
coupling  to  the  load  circuit  which  may  be  the 
antenna  or  a  folio wing  stage. 

The  greater  the  loading,  the  smaller  the  volt¬ 
age  fed  back  to  the  grid  circuit  for  excitation 
purposes.  This  means  that  the  r.f.  voltage 
across  the  crystal  also  will  be  reduced,  hence 
there  is  less  crystal  heating  when  the  oscillator 
is  delivering  power  than  when  operating  un- 
loaded.  For  this  reason  it  is  possible  to  operate 
a  loaded  oscillator  at  higher  plate  voltage  than 
is  possible  with  an  unloaded  oscillator  for  the 
same  crystal  heating. 

Special  care  should  be  exercised,  particu- 
larly  with  triodes  to  prevent  dangerously  high 
crystal  currents  by  running  the  oscillator 
unloaded  for  extended  periods  or  using  high 
plate  and  screen  voltages. 

Tuning  the  Tri-tet 

The  tuning  procedure  for  this  circuit  is  as 
follows:  With  the  cathode  tank  condenser  at 
about  three-quarters  scale,  turn  the  plate  tank 
condenser  until  there  is  a  sharp  dip  in  plate 
current,  indicating  that  the  plate  circuit  is  in 
resonance.  The  crystal  should  be  oscillating 


Fig.  1402  —  D.C.  plate  § 
current  vs.  plate  tuning  V» 
capacity  with  the  Tri-tet 
oscillator.  3 


TUNING  CAPACITY 

continuously  regardless  of  the  setting  of  the 
plate  condenser.  Set  the  plate  condenser  so 
that  plate  current  is  minimum.  The  load 
circuit  may  then  be  coupled  and  adjusted  so 
that  the  oscillator  delivers  power.  The  mini¬ 
mum  plate  current  will  rise;  it  may  be  necessary 
to  retune  the  plate  condenser  when  the  load  is 
coupled  to  bring  the  plate  current  to  a  new 
minimum.  Fig.  1402  shows  the  typical  behavior 
of  plate  current  with  plate-condenser  tuning. 

After  the  plate  circuit  is  adjusted  and  the 
oscillator  is  delivering  power,  the  cathode 
condenser  should  be  readjusted  to  obtain 
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optimum  power  output.  The  setting  of  this 
condenser  should  be  as  far  toward  the  low- 
capacity  end  of  the  scale  as  is  consistent  with 
good  output;  it  may,  in  fact,  be  desirable  to 
sacrifice  a  little  output  if  so  doing  reduces  the 
current  through  the  crystal  and  thus  reduces 
heating. 

In  obtaining  harmonie  output,  it  is  merely  a 
matter  of  tuning  the  plate  tank  circuit  to  the 
harmonie  rather  than  the  fundamental  of  the 
crystal  frequency.  A  plate-current  dip  will  be 
found  at  the  harmonie  also.  If  the  cathode 
condenser  is  adjusted  for  maximum  output  at 
the  harmonie,  this  adjustment  will  usually 
serve  for  the  fundamental  as  well.  The  erystal 
should  be  checked  for  evidence  of  excessive 
heating.  The  most  satisfactory  remedy  is  to 
lower  plate  or  screen  voltages  of  both  or  by 
reducing  the  load.  It  should  be  noted  that  with 
this  circuit  maximum  r.f.  voltage  across  the 
crystal  is  developed  at  maximum  load  in 
contrast  to  the  triode-pentode  circuit  and 
crystal  heating  should  be  checked  with  the 
load  coupled. 

The  Grid-Plate  Oscillator 

The  tuning  characteristics  of  the  grid-plate 
oscillator  are  very  similar  to  that  of  the  Tri-tet 
with  the  difference  that  the  tuning  of  the 
cathode  circuit  is  often  fixed  as  described  in 
Chap.  5.  The  output  at  even  harmonies  is  less 
than  that  obtainable  with  the  Tri-tet  but 
greater  at  odd  harmonies.  Trouble  is  often 
experienced  in  obtaining  second-harmonic 
output  from  1.7-Mc.  crystals,  although  this 
difficulty  is  not  usually  experienced  with 
crystals  of  higher  frequency. 

Oscillator  Efficiency 

The  efficiency  of  the  triode  oscillator  will  be 
somewhat  less  than  that  of  the  others  men- 
tioned  when  the  latter  are  operated  at  the 
crystal  fundamental  because  of  the  greater 
excitation  requirements  of  the  triode.  The 
other  circuits  should  show  efficiencies  at  the 
fundamental  of  50  to  60  per  cent,  so  that  they 
should  deliver  an  output  of  50  to  60  per  cent  of 
the  plate  power  input.  At  the  second  harmonie, 
the  efficiency  of  the  Tri-tet,  when  correctly 
adjusted,  will  run  about  40  per  cent. 

Oscillator  Troubles 

Excessive  r.f.  voltage  across  the  crystal  will 
cause  heating  with  resulting  “  creep  ”  in  fre¬ 
quency  if  not  fracture  of  the  crystal.  To  pre¬ 
vent  this,  the  r.f.  current  through  the  crystal 
should  never  exceed  the  crystal  manufacturer’s 
rating.  This  current  may  be  estimated  by  con- 
necting  a  flashlight  bulb  of  proper  current 
rating  in  series  with  the  crystal.  The  size  of  the 
lamp  should  be  chosen  so  that  it  glows  when 
the  current  rating  of  the  crystal  is  exceeded. 


Failure  of  a  crystal  circuit  to  oscillate  may 
be  caused  by  any  of  the  following: 

1.  Dirty,  chipped  or  fractured  crystal 

2.  Imperfect  or  unclean  holder  surfaces 

3.  Overloading 

4.  Plate  or  cathode  tank  circuit  not  tuning 
correctly 

5.  Insufficiënt  feedback  with  the  pentode 
circuit 

The  last  trouble  should  be  suspected  only 
when  well  screened  tubes,  such  as  the  receiver- 
type  r.f.  pentodes  and  the  types  RK23-25, 
802,  807  or  similar  types  are  concerned.  This 
may  be  remedied  by  introducing  a  small 
capacity  externally  between  grid  and  plate. 
This  should  be  no  larger  than  is  necessary  to 
maintain  oscillation  with  a  reasonable  load. 
Usually  a  short  piece  of  insulated  wire  con- 
nected  to  each  of  the  plate  and  grid  prongs  of 
the  socket  and  the  two  insulated  free  ends 
twisted  together  will  be  sufficiënt. 

In  regard  to  item  (4),  make  certain  that  the 
plate  tank  coil  tunes  to  resonance  at  the  desired 
frequency.  Remember  that  capacity  coupling 
to  the  load  will  increase  the  capacity  across  the 
plate  tank  coil  so  that  resonance  will  occur  at  a 
lower-capacity  setting  of  the  condenser  — 
possibly  lower  than  will  regain  resonance 
without  a  reduction  in  the  size  of  the  plate  coil. 
This  applies  particularly  when  pentodes  or 
tetrodes  are  capacity-coupled. 

The  remedies  for  the  remainder  are  obvious. 
Don't  overlook  the  great  possibility  of  a  mis- 
take  in  wiring,  especially  the  connections  to  a 
multi-element  tube. 

Parasitic  Oscillationa 

One  effect  most  likely  with  beam  tubes  is 
a  tendency  for  apparently  strong  parasitic 
oscillation,  as  indicated  by  high  r.f.  crystal 
current  when  the  plate  tank  is  tuned  lower 
than  the  crystal  frequency.  This  is  more  marked 
with  these  tubes  in  a  simple  tetrode  circuit 
than  in  the  Tri-tet  but  occurs  in  both.  Since 
it  is  not  generally  an  oscillation  of  crystal 
frequency,  but  is  a  parasitic  phenomenon 
resulting  from  the  high  mutual  of  these  tubes, 
it  does  not  excite  the  crystal  and  is  likely  to 
cause  damage  only  to  the  tube  if  allowed  to 
persist. 

•  AMPLIFIER  ADJUSTMENT 
Adjustment  of  Bias 

The  first  step  in  adjusting  an  r.f.  amplifier 
for  the  first  time  is  that  of  setting  the  bias  for 
the  conditions  under  which  it  is  desired  to 
operate.  A  wide  range  of  conditions  is  possible 
and  the  matter  is  discussed  in  Chap,  5. 

All  transmitting  tubes,  except  those  designed 
primarily  for  Class-B  audio  service  with  zero 
bias  will  draw  excessive  plate  current  when 
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excitation  is  removed  unless  provided  with  a 
certain  minimum  fixed  bias  of  sufficiënt  value 
to  hold  the  plate  current  to  a  safe  value.  The 
value  of  fixed  biasing  voltage  which  will  reduce 
plate  current  to  zero  when  excitation  is  re¬ 
moved  is  known  as  the  cut-off  voltage  and  is 
very  nearly  equal  to  the  plate  voltage  at 
which  the  tube  is  operating  divided  by  the 
amplification  factor  of  the  tube. 

While  simple  grid-leak  biasing  is  the  sim- 
plest,  most  economical,  and  most  desirable  in 
the  operation  of  a  Class-C  amplifier,  it  does 
not  provide  the  protection  required  on  failure 
or  removal  of  excitation.  Therefore,  it  is  com- 
mon  practice  to  provide  cut-off  bias  from  a 
fixed  source,  such  as  a  battery  or  power  pack 
of  proper  design  (see  Chap.  11)  and  obtain  the 
remainder  of  the  operating  bias  from  a  grid  leak. 

Recommended  operating  voltages  and  cur- 
rents  will  always  be  found  in  the  sheet  which 
manufacturers  furnish  with  each  power  tube. 
These  include  a  value  of  biasing  voltage  and 
often  a  value  of  grid-leak  resistance.  In  most 
cases,  the  value  of  grid-leak  resistance  recom¬ 
mended  does  not  take  any  fixed  bias  into 
consideration.  To  determine  the  grid-leak 
resistance  which  should  be  used  when  a  com- 
bination  of  batteries  for  fixed  bias  and  grid  leak 
is  to  be  used,  the  battery  voltage,  which  should 
be  as  near  to  the  required  cut-off  value  as 
possible,  should  be  subtracted  from  the  recom¬ 
mended  operating  bias  to  obtain  the  voltage 
required  from  the  grid  leak.  The  grid-leak 
resistance  required  is  then  computed  by 
dividing  the  additional  biasing  voltage  required 
by  the  recommended  d.c.  grid  current  in 
decimal  parts  of  an  ampere.  For  example,  the 
recommended  conditions  for  Class-C  operation 
of  the  RCA  203 A  for  telephony  are:  plate 
voltage,  1000;  grid  bias,  135;  d.c.  grid  current, 
50  ma.  (0.05  amp.).  The  amplification  factor  is 
given  as  25  so  that  cut-off  bias  for  1000  volts 
is  1000  or  40  volts.  Assuming  the  use  of  a 
25~ 

45-volt  battery,  the  remaining  voltage  required 
from  the  grid  leak  is  135—45  or  90  volts.  The 
grid-leak  resistance  is  equal  to  90  or  1800  ohms. 

0.05 

If  a  bias  pack  is  to  be  used,  the  bleeder  or 
voltage-divider  resistance  should  be  adjusted 
as  described  in  Chap.  11. 

Amplifier  Timing 

The  general  method  of  tuning  applies  to  any 
type  of  amplifier  of  circuit.  Triodes,  of  course, 
have  to  be  neutralized,  while  screen-grid  tubes 
do  not.  Aside  from  neutralization,  the  tuning 
process  consists  of  adjusting  the  input  circuit 
for  maximum  excitation,  and  the  output 
circuit  for  optimum  power  output  and 
efficiency. 


When  triode  amplifiers  are  used,  it  is  essen- 

tial  that  the  tube  or  tubes  be  carefully  neutral¬ 
ized  before  attempting  to  take  power  output 
from  the  circuit  or  adjusting  for  maximum 
excitation.  Neutralization  is  therefore  the  next 
step  in  the  tuning  process. 

Neutralizing  Adjuatmenta 

The  procedure  in  neutralizing  is  the  same  for 
all  tubes  and  circuits.  The  filament  of  the  tube 
should  be  lighted  and  the  excitation  from  the 
preceding  stage  should  be  fed  to  the  grid 
circuit,  bui  the  plate  voltage  should  be  of  of  the 
amplifier. 

The  grid-circuit  milliammeter  is  one  of  the 
best  and  safest  neutralizing  indicators  because 
it  does  not  require  placing  the  hands  close  to 
apparatus  which  may  carry  high  voltages.  If 
the  circuit  is  not  completely  neutralized,  tuning 
of  the  plate  tank  circuit  through  resonance  will 
change  the  tuning  of  the  grid  circuit  and  aSect 
its  loading,  causing  a  change  in  the  d.c.  grid 
current.  With  push-pull  amplifiers,  or  single- 
ended  amplifiers  using  a  tap  on  the  tank  coil 
for  neutralization,  the  setting  of  the  neutral¬ 
izing  condenser  which  leaves  the  grid  current 
unaffected  as  the  plate  tank  is  tuned  through 
resonance  is  the  correct  one.  If  the  circuit  is 
out  of  neutralization,  the  grid  meter  needle 
will  give  a  noticeable  dip.  As  the  point  of 
neutralization  is  approached,  by  adjusting  the 
neutralizing  capacity  bit  by  bit,  the  dip  in 
grid  current  as  the  plate  condenser  is  swung 
through  resonance  will  become  less  and  less 
pronounced  until,  at  exact  neutralization,  no 
dip  at  all  will  be  found.  Further  adjustment  of 
the  neutralizing  condenser  in  the  same  direc- 
tion  will  bring  the  grid-current  dip  back.  The 
neutralizing  condenser  should  always  be  ad¬ 
justed  with  a  screwdriver  of  insulating  material. 
Screwdrivers  with  metal  shafts  will  affect  the 
adjustments. 

Adjustment  of  the  neutralizing  condenser 
may  affect  the  tuning  of  the  grid  tank  or  driver 
plate  tank,  so  they  should  be  retuned  each 
time  a  change  is  made  in  neutralizing  capacity. 
In  neutralizing  a  push-pull  amplifier,  the 
neutralizing  condensers  should  be  adjusted 
together,  step  by  step,  keeping  their  capacities 
a's  equal  as  possible. 

The  adjustment  of  neutralizing  condensers 
of  the  usuai  multi-plate  type  will  be  more 
critical  than  with  the  low-capacity  types  which 
consist  of  a  stationary  plate  and  a  second  plate 
mounted  on  a  threaded  shaft.  The  change  in 
capacity  of  the  latter  type  is  relatively  slow 
until  the  plates  are  close  together. 

With  single-ended  circuits  having  split- 
stator  neutralizing,  the  behavior  of  the  grid 
meter  will  depend  somewhat  upon  the  type  of 
tube  used.  If  the  tube’s  output  capacity  is  not 
great  enough  to  upset  the  balance,  the  action 
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of  the  meter  will  be  the  same  as  in  other  cir¬ 
cuits.  With  high-capacity  tubes,  however,  the 
meter  usually  will  show  a  gradual  rise  and  fall 
as  the  plate  tank  is  tuned  through  resonance, 
reaching  a  maximum  right  at  resonance  when 
the  circuit  is  properly  neutralized. 

If  a  grid  meter  is  not  available,  the  amplifier 
may  be  neutralized  by  checking  in  a  similar 
manner  with  the  driver  plate-current  meter. 

Other  Neutralizing  Indicators 

When  an  amplifier  is  not  neutralized,  a  neon 
bulb  touched  to  the  plate  of  the  amplifier  tube 
or  to  the  plate  side  of  the  tuning  condenser 
will  glow  when  the  tank  circuit  is  tuned  through 
resonance,  providing  the  driver  has  sufficiënt 
power.  The  glow  at  resonance  will  disappear 
when  the  amplifier  is  neutralized. 

A  flashlight  bulb  connected  in  series  with  a 
single  loop  of  wire  234  or  3  inches  in  diameter 
with  the  loop  coupled  to  the  tank  coil  will,  in  a 
similar  manner,  serve  as  a  neutralizing  indicator. 

Aside  from  the  angle  of  safety  which  makes 
the  grid  meter  preferable  as  an  indicator, 
touching  the  neon  bulb  to  a  high-potential 
point  of  the  circuit  may  introducé  enough  stray 
capacity  to  unbalance  the  circuit  slightly,  thus 
upsetting  the  neutralizing  in  a  circuit  using  a 
split-stator  condenser.  This  is  particularly 
noticeable  with  high-power  amplifiers  where 
the  excitation  voltage  is  considerable  and  a 
slight  unbalance  gives  a  noticeable  indication. 
This  capacitive  unbalance  is  usually  less  pro- 
nounced  with  the  flashlight  bulb  and  loop, 
especially  if  it  is  possible  to  couple  to  the  low- 
potential  point  of  the  tank  circuit. 

Neutralizing  Difficultiea 

If  trouble  is  experienced  in  getting  a  triode 
amplifier  completely  neutralized,  the  circuit 
should  be  chccked  over  carefully  to  make  sure 
that  all  connections  are  good  and  that  there  are 
no  shorted  turns  in  the  inductances.  Different 
sizes  of  neutralizing  condensers  may  also  be 
tried,  since  circuit  conditions  vary  consider- 
ably  with  different  physical  layouts.  If  a  set¬ 
ting  of  the  neutralizing  condenser  can  be  found 
which  gives  minimum  r.f.  in  the  plate  tank 
circuit  without  completely  eliminating  it,  the 
chances  are  that  there  is  some  magnetic  or 
capacity  coupling  between  the  input  and  out¬ 
put  circuits  external  to  the  tube  itself.  Short 
leads  in  neutralizing  circuits  are  highly  desir- 
able,  and  the  input  and  output  inductances 
should  be  so  placed  with  respect  to  each  other 
that  magnetic  coupling  is  minimized.  Usually 
this  means  that  the  axes  of  the  coils  should  be 
at  right  angles  to  each  other.  In  some  cases  it 
may  be  necessary  to  shield  the  input  and  out¬ 
put  circuits  from  “each  other.  Magnetic  cou¬ 
pling  can  be  checked  for  quite  readiiy  by  dis- 
connecting  the  tank  from  the  remaïnder  of  the 


circuit  and  testing  for  r.f.  in  the  plate  tank 
circuit  as  the  tank  condenser  is  swung  through 
resonance.  The  preceding  stage  must  be 
running,  of  eourse. 

Particularly  with  single-ended  amplifiers 
there  are  many  stray  capacities  left  uncom- 
pensated  for  in  the  neutralizing  process.  The 
tube,  for  example,  has  capacity  from  grid  to 
filament  as  well  as  from  grid  to  plate;  likewise 
there  is  capacity  between  plate  and  filament. 
Similarly,  capacities  existing  between  parts  of 
the  socket  enter  into  the  picture  with  tubes 
having  all  three  elements  brought  out  to 
the  same  base.  With  large  tubes,  especially 
those  having  relatively  high  intereleetrode 
capacities,  these  commonly  neglected  stray 
capacities  can  prevent  perfect  neutralization. 
Symmetrical  arrangement  of  a  push-pull  am¬ 
plifier  is  about  the  only  way  to  obtain  a  practi- 
cally  perfect  balance  throughout  the  amplifier. 

When  employing  a  split-stator  tank  con¬ 
denser  with  a  tube  having  a  fairly  high  output 
capacity,  it  may  be  impossible  to  maintain 
exact  neutralization  except  at  exact  resonance, 
especially  if  the  circuit  tunes  to  resonance  near 
minimum  capacity  of  the  tank  condenser  when 
the  stray  circuit  capacities  may  have  more 
to  do  with  determining  the  capacity  balance 
than  the  capacity  of  the  tank  condenser  itself. 
The  percentage  of  variation  between  the 
capacities  of  the  two  condenser  sections  may 
also  be  much  higher  near  minimum  capacity.  It 
is,  therefore,  desirable  to  have  the  coil  propor- 
tioned  so  that  resonance  occurs  with  the  con¬ 
denser  set  at  af  air  percentage  of  its  total  capacity. 

Sometimes,  it  may  be  necessary  to  connect  a 
small  variable  capacity  across  one  half  of  the 
circuit,  as  shown  in  Fig.  1403  to  compensate  for 
the  output  capacity  of  the  tube  across  the 
other  half. 

The  neutralization  of  tubes  with  extremely 
low  grid-plate  capacity,  such  as  the  6L6,  is 
of  ten  very  difficult.  It  often  happens  that  the 
wiring  itself  will  introducé  sufficiënt  capacity 
between  the  right  points  to  “over-neutralize” 
the  grid-plate  capacity.  The  use  of  a  neutraliz¬ 
ing  condenser  only  aggravates  the  condition. 
Inductive  or  link  neutralization  as  shown  in 
Fig.  1404  has  been  used  suceessfully  with  tubes 
such  as  the  6L6. 

Adjustment  of  Excitation 

The  desirability  of  having  a  fully  adequate 
source  of  excitation  cannot  be  over-empha- 
sized.  This  applies  particularly  to  a  triode 
which  is  to  be  operated  at  high  efficiency  as  a 
Class-C  plate-modulated  amplifier.  Upon  this 
one  factor  more  than  anything  else  may  depend 
the  success  or  failure  of  the  amplifier  in  oper- 
ating  properly.  It  is  always  better  to  err  on  the 
side  of  exceseive  available  excitation.  An 
amplifier  driven  by  an  exciter  with  barely 
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enough  power  to  do  the  job  will  require  precise 
tuning  and  adj  ustments  of  coupling  each  time 
frequency  is  changed  appreciably  and,  more 
often  than  not,  it  will  be  found  necessary  to 
depend  upon  regeneration,  with  its  attendant 
uncertainty,  to  maintain  adequate  excitation. 

In  adjusting  amplifier  excitation,  the  grid- 
current  meter  is  again  the  best  indicator. 
With  the  bias  and  grid-leak  requirements  deter- 
mined  and  set,  the  object  is  to  adjust  the  driver 
and  the  coupling  for  maximum  grid  current 
consistent  with  the  driver  Ioading.  The  pre- 
liminary  adjustments  are  made  with  no  plate 
voltage  applied  to  the  amplifier. 

In  capacity-coupled  systems,  the  principal 
adjustment  for  maximum  excitation  is  that 
of  tuning  the  driver  plate  circuit  to  resonance 
after  the  grid  of  the  amplifier  has  been  coupled 
to  it.  Because  of  the  added  shunt  capacity, 
driver  resonance  will  occur  at  a  lower-capacity 
setting  of  the  driver  tank  condenser  than 
without  the  amplifier  coupled.  As  the  load  of 
the  amplifier  grid  circuit  is  coupled,  the  driver 
plate  current  at  resonance  will  rise,  the  dip 
becoming  less  pronounced.  This  should  be 
accompanied  with  a  rise  in  grid  current  coin- 
ciding  with  the  dip  in  driver  plate  current. 

If  excitation  is  taken  directly  from  the  end 
of  the  driver  tank  coil,  the  only  remaining 
adjustment  possible  is  a  variation  in  the  capac¬ 
ity  of  the  coupling  condenser,  larger  values 
usually  resulting  in  heavier  Ioading  of  the 
driver  and  increased  excitation.  In  certain 
instances,  however,  a  smaller  capacity  may 
result  in  increased  grid  current.  If  the  driver  is 
an  oscillator,  the  coupling  should  not  be  so 
tight  as  to  prevent  ready  starting  of  crystal 
oscillations. 

In  cases  where  the  preceding  adjustments  do 
not  load  the  driver  up  to  its  rating  and  it  is 
evident  that  the  amplifier  requires  more  excita¬ 
tion,  the  only  recourse  may  be  to  tapping  the 
driver  plate  coil.  This  is  sometimes  necessary 
when  the  plate  impedance  of  the  driver  diiïers 
considerably  from  the  grid  impedance  of  the 
amplifier.  When  the  grid  impedance  is  much 
higher  than  the  plate  impedance,  it  will  be 
necessary  to  tap  the  plate  of  the  driver  down 


Fig.  1403  —  Connection  of  condenser  to  balance  out¬ 
put  capacity  of  tube  for  accurate  neutralization.  Cx  ia 
the  balancing  condenser,  Cn  the  neutralizing  condenser. 


Fig.  1404  —  Link  neutralizing  for  tetrodes  and  pen- 
todes,  such  as  6L6,  6V6  and  other  tubes  sometimes 
difficult  to  neutralize  by  other  methode.  Tbe  link  coils 
should  have  one  or  two  turns  and  should  be  coupled 
to  tbc  "cold”  ends  of  the  tank  coils.  Neutralization  is 
adjusted  by  moving  the  link  coils  in  relation  to  the 
tank  coil.  Reversal  of  connections  to  one  of  the  coils 
may  be  required. 

on  the  tank  coil,  while  if  the  reverse  is  true, 
the  amplifier  grid  must  be  tapped  down.  If  the 
tank  condenser  has  sufficiënt  capacity  range, 
a  decrease  in  the  L-C  ratio  in  the  driver  tank 
may  improve  conditions  as  a  substitute  for 
tapping. 


Link -Coupling  Adjustments 

In  the  adjustment  of  excitation  with  link 
coupling,  the  same  principles  apply.  Here,  both 
the  driver  plate  and  amplifier  grid  tank  circuits 
must  be  adjusted  simultaneously  for  maximum 
grid  current.  The  tuning  of  the  two  circuits 
invariably  interlocks  so  that  it  may  be  necessary 
to  “juggle”  the  tuning  of  the  two  circuits  for 
maximum  excitation.  Coupling  is  adjusted  by 
either  changing  the  number  of  turns  in  each 
link  coil  or  by  increasing  or  decreasing  the 
coupling  between  the  link  windings  and  their 
associated  tank  coils.  Both  are  often  required. 

If  the  grid  impedance  is  high,  the  L-C  ratio 
in  the  grid  tank  circuit  may  be  high,  while  a 
low  ratio  is  desirable  in  coupling  to  a  low- 
impedance  grid  circuit.  In  certain  instances,  it 
may  be  necessary  to  tap  the  grid  or  plate  con¬ 
nections  as  described  under  adjustments  with 
capacity-coupled  systems. 

Excitation  Troubles 

Under  recommended  conditions  of  bias,  the 
grid  current  value  obtained  before  plate  voltage 
or  load  is  applied  to  the  amplifier  should  run  25 
to  30  percent  higher  than  the  value  given  for 
typical  operating  conditions.  If  this  value  is 
not  obtained,  and  the  driver  input  is  running 
up  to  rated  value,  the  most  common  reason  is 
that  the  ability  of  the  driver  has  been  over- 
estimated.  Driver  operating  voltages  should  be 
checked  to  assure  they  are  up  to  rated  values, 
however.  If  batteries  are  used  for  biasing  and 
are  not  strictly  fresh,  they  should  be  replaced, 
for  batteries  which  have  been  in  use  for  some 
time  often  develop  high  internal  resistance 
which  effectively  adds  to  the  grid-leak  resist¬ 
ance.  This  may  be  true  even  though  a  check 
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shows  the  battery  voltage  to  be  normal.  If  a 
pack  is  used,  the  bleeder  or  voltage-divider 
resistances  should  be  checked  to  make  certain 
that  low  grid  current  is  not  due  to  greater  grid- 
circuit  resistance  than  is  reeommended.  There 
is  also  the  possibility  of  loss  of  filament  emission 
either  from  prolonged  service  or  from  operating 
the  filament  under  or  over  the  rated  voltage. 
It  is  important  that  the  filament  be  operated  as 
close  as  possible  to  rated  voltage  measured  at 
the  tube  Socket. 

Amplifier  Plate  Tuning 

After  adjustments  to  the  input  circuit  have 
been  completed,  plate  voltage  may  be  applied 
to  the  amplifier.  In  preliminary  tuning,  it  is 
desirable  to  use  low  plate  voltage  to  avoid 
possible  damage  to  the  tube.  With  excitation 
and  plate  voltage  applied,  rotate  the  plate  tank 
condenser  until  the  plate  current  dips;  set  the 
condenser  at  the  minimum  plate-current  point 
which  is  resonance.  When  the  resonance  point 
has  been  found,  the  plate  voltage  may  be 
increased  to  its  normal  value. 

With  adequate  excitation,  the  off-resonance 
plate  current  of  a  triode  amplifier  may  run 
two  to  three  or  more  times  the  normal  operat¬ 
ing  value.  With  screen-grid  tubes,  the  off-res¬ 
onance  plate  current  may  not  be  much  higher 
than  the  normal  operating  value  because  of 
screen  action. 

With  reasonably  efficiënt  operating  condi- 
tions,  the  minimum  plate  current  with  the 
amplifier  unloaded  will  be  a  small  fraction  of 
the  rated  plate  current  for  the  tube,  usually  a 
fifth  or  less.  If  the  excitation  is  low,  the 
“dip”  will  not  be  very  marked,  but  with  ade¬ 
quate  excitation  the  plate  current  at  resonance 
without  loading  is  just  high  enough  so  that  the 
d.c.  plate  power  input  supplies  all  the  losses  in 
the  tube  and  circuit.  The  higher  the  unloaded 
tank  impedance,  the  lower  the  minimum  plate 
current.  For  this  reason,  large  L-C  ratios  give 
very  low  values  of  plate  current;  conversely, 
a  fairly  high-C  tank  will  give  somewhat  larger 
values.  As  an  indication  of  probable  efficiency, 
the  minimum  plate  current  value  should  not 
be  taken  too  seriously,  however,  especially 
when  a  fair  amount  of  tank  capacity  is  in  use, 
because  in  the  unloaded  condition  the  cir- 
culating  r.f.  current  in  a  high-C  tank  is  large 
and,  since  the  losses  vary  with  the  current 
squared,  the  losses  under  no-load  conditions 
may  be  rather  high  compared  to  those  in  a  very 
low-C  tank.  When  the  amplifier  is  delivering 
power  to  a  load,  the  circulating  current  drops 
considerably  and  the  tank  losses  correspond- 
ingly  decrease,  so  that  under  load  conditions 
the  actual  efficiency  is  about  the  same  with  a 
tank  of  optimum  L-C  ratio  as  with  one  having 
extremely  low  C. 

The  condition  of  high  minimum  unloaded 
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plate  current  is  most  often  encountered  at  the 
very  high  frequencies  where  low-loss  tank 
circuits  with  high  L-C  ratios  are  difficult  to 
obtain.  It  isparticularly  noticeable  with  screen- 
grid  tubes  of  high  output  capacity  which  make 
a  high  L-C  ratio  impossible.  It  will  be  found, 
however,  that  fairly  good  efficiencies  are 
usually  obtained  when  the  load  is  coupled, 

Loading  the  Amplifier 
With  the  load  —  antenna  or  following  am¬ 
plifier  grid  circuit  —  connected,  the  coupling 
bet  ween  plate  tank  and  load  should  be  adjusted 
to  make  the  tube  take  rated  plate  current, 
keeping  the  tank  always  in  resonance. 


Fig.  1405  —  Typical 
bebavior  of  d.c.  plate 
current  with  tuning  of 
an  amplifier. 


As  the  output  coupling  is  increased,  the 
minimum  plate  current  will  also  increase  about 
as  shown  in  Fig.  1405.  Simultaneously,  the 
tuning  becomes  less  sharp,  because  of  the  in¬ 
crease  in  effective  resistance  of  the  tank.  If  the 
load  circuit  simulates  a  resistance,  the  reso¬ 
nance  setting  of  the  tank  condenser  will  be 
practically  unchanged  with  loading;  this  is 
generally  the  case  since  the  load  circuit  itself 
usually  is  also  tuned  to  resonance.  A  reactive 
load  (such  as  an  antenna  or  feeder  system 
which  is  not  tuned  exactly  to  resonance)  may 
cause  the  tank  condenser  setting  to  change 
appreciably  with  loading. 

As  the  plate  loading  is  increased,  with  its 
accompanying  increase  in  plate  current,  the 
grid  current  usually  will  fall  off  somewhat,  be¬ 
cause  as  more  electrons  are  drawn  from  the 
cathode  by  the  plate,  less  are  available  for  the 
grid  if  the  exciting  voltage  remains  constant. 
The  decrease  in  grid  current  depends  upon  a 
number  of  factors:  the  value  of  plate  current, 
the  type  of  tube,  the  voltage  regulation  of  the 
driver,  the  amount  of  excitation  power  avail¬ 
able,  and  to  some  extent  upon  the  circuit  used. 
This  last  is  particularly  true  of  single-ended 
amplifiers,  as  was  discussed  in  the  section  on 
neutralizing  circuits. 

The  significant  value  of  grid  current  is  that 
which  flows  when  the  amplifier  is  loaded  to 
rated  plate  current  and  tuned  to  resonance.  As 
the  plate  tank  circuit  is  tuned  through  reso¬ 
nance,  the  grid  current  will  normally  rise  some¬ 
what  at  resonance  as  the  plate  current  dips, 
tending  to  keep  the  total  space  current  con¬ 
stant.  The  grid-current  figures  given  in  the 
tube  tables  of  Chap.  20  are  for  loaded  condi- 
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tions  at  the  recommended  bias.  Under  load 
conditions,  the  grid  current  should  never 
exceed  the  maximum  rated  value.  If  higher 
grid  currents  are  experienced,  driver  coupling 
or  power  should  be  reduced. 


center  of  a  half-wave  antenna  and  that  of 

certain  types  of  low-impedance  transmission 
lines.  The  size  of  meter  required  for  any 
expected  value  of  power  output  may  also  be 
determined  from  Ohm’s  Law  given  above: 


Checking  Power  Output  —  Dummy 
Antennas 


I  —  square  root  of 


W 


As  a  check  on  the  operation  of  an  amplifier, 
its  output  may  be  measured  to  a  close  approxi- 
mation  by  the  use  of  an  artificial  load  of  known 
rating  coupled  to  the  amplifier  output  as 
shown  in  Fig.  1406.  At  A  and  B,  a  thermo- 


R 


Fig.  1406  —  Dummy- 
load  circuits  for  measuring 
power  output  and  pre- 
liminary  timing.  A  —  For 
balanced  tank  circuits. 
B  —  For  single-end  tank 
circuits.  C  —  For  high- 
rcsistance  loads  where  suf¬ 
ficiënt  coupling  cannot  be 
obtained  by  the  methods 
of  A  and  B.  M  is  an  r.f. 
thenno-ammeter,  R  anon- 
inductive  resistance  of 
proper  rating.  In  C,  L  and 
C  should  tune  to  the  out¬ 
put  frequency  of  the  am- 
plifier.  Coupling  may  be 
adjusted  by  the  physical 
separation  between  the 
two  tank  circuits  or  by 
adjusting  a  link  line  be¬ 
tween  the  two  as  shown 
in  dotted  lines. 

When  less  accurate 
measurement  will  suffice, 
ordinary  110-volt  lamp 
bulbs  may  be  used  to 
replace  the  meter  and 
resistance. 


ammeter  M  and  non-inductive  resistance  R 
are  connected  across  a  link  coupled  to  the 
amplifier  tank  coil.  If  the  tank  coil  is  fitted 
with  a  swinging  link  or  adjustable  coupling 
coil,  the  amplifier  loading  may  readily  be 
adjusted  so  that  the  amplifier  draws  rated 
plate  current  when  tuned  to  resonance.  Other- 
wise,  a  link  winding  of  good  high-voltage  wire 
may  be  wrapped  around  the  low-potential 
section  of  the  tank  coil  and  the  turns  varied 
until  proper  loading  is  obtained.  The  power 
output  is  then  calculated  from  Ohm’s  Law: 

P  (watts)  =  PR 

where  I  is  the  current  indicated  by  the  thermo- 
ammeter  and  R  is  the  resistance  of  the  non- 
inductive  resistor  R.  Special  resistance  units  are 
available  for  tliis  purpose  ranging  from  73  to 
600  ohms  at  power  ratings  up  to  100  watts.  For 
higher  powers,  the  units  may  be  connected  in 
series-parallel.  The  73-ohm  size  is  often  used 
because  it  approximates  the  impedance  at  the 


If  higher  values  of  dummy  load  resistance 
are  used,  it  may  be  necessary  to  place  the 
dummy  resistor  and  meter  in  series  with  a  tank 
circuit  tuned  to  the  frequency  of  the  amplifier. 
Otherwise,  it  may  be  difficult  to  obtain  suffi¬ 
ciënt  coupling  to  load  the  amplifier  properly. 

An  excellent,  although  somewhat  less  ac¬ 
curate,  dummy  load  may  consist  of  an  or¬ 
dinary  110-volt  incandescent  lamp  of  wattage 
rating  equal  to  the  power  output  to  be  expected 
from  the  amplifier  as  a  substitute  for  the  non- 
inductive  resistor  and  meter.  The  lamp  coupled 
to  the  amplifier  in  the  same  manner  will 
indicate  power  by  its  degree  of  illumination. 
By  selecting  a  lamp  of  power  rating  close  to 
that  to  be  expected  from  the  amplifier,  the 
power  output  may  be  estimated  quite  closely 
by  comparing  the  brilliance  of  the  lamp  used  as 
the  dummy  load  with  that  of  a  duplicate  lamp 
operating  in  the  110-volt  line.  Lamps  may  be 
connected  in  series,  parallel  or  series-parallel 
to  handle  high  power  output. 

Amplifier  Efficiency 

The  over-all  efficiency  of  a  Class-C  amplifier 
will  vary  considerably  depending  upon  the 
conditions  of  bias,  excitation  and  loading  under 
which  it  is  operated  as  well  as  the  efficiency 
of  the  tank  circuit.  With  high  bias  and  high 
excitation  over-all  efficiencies  up  to  75  per  cent 
may  be  expected  at  medium  frequencies,  with 
the  possibility  of  the  figure  dropping  to  as  low 
as  50  per  cent  at  frequencies  as  high  as  28  Mc. 
with  average  tank-circuit  efficiency.  When  the 
operating  values  are  chosen  for  maximum 
power  gain  (see  Chap.  5),  efficiencies  will  run 
somewhat  lower. 

A  rough  estimate  of  the  overall  efficiency  of 
an  amplifier  is  obtained  by  determining  the 
ratio  of  power  output  as  estimated  with  the 
dummy  load  to  the  power  input  (the  product 
of  the  plate  voltage  and  plate  current). 

Tuning  of  Frequency  Doublers 

Frequency  multipliers  are  tuned  in  much 
the  same  way  as  straight  amplifiers.  Once  the 
bias  or  grid-leak  values  are  chosen,  the  input  or 
grid  circuit  should  be  adjusted  for  maximum 
grid  current  just  as  with  the  straight  amplifier. 
Then  the  plate  voltage  may  be  applied  and  the 
plate  tank  circuit  tuned  to  the  second  har¬ 
monie,  which  will  be  indicated  by  the  dip  in 
plate  current.  The  dip  usually  will  not  be  as 
pronounced  as  with  straight  amplifiers,  how- 
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ever.  Once  these  adjustments  have  been  made 
the  load  may  be  connected  and  adjusted  for 
maximum  output  consistent  with  the  plate 
current  rating  of  the  tube.  Since  the  efficiency 
is  lower,  it  may  be  necessary  to  use  lower  than 
rated  plate  current,  especially  if  the  plate 
of  the  tube  shows  color. 

After  the  adjustments  have  been  completed 
it  is  a  good  plan  to  change  the  bias  voltage  or 
the  resistance  of  the  grid  leak  to  find  the  value 
which  gives  greatest  output.  Highest  efficiency 
will  result  when  the  grid  bias  or  grid  leak  are  as 
high  in  value  as  is  possible  with  the  grid  ex- 
citation  available.  Un  der  optimum  operating 
conditions,  the  plate  efficiency  of  a  doubler 
runs  about  40%. 

•  TRANSMITTER  TROUBLES 

Inexact  neutralization  or  stray  coupling 
between  plate  and  grid  circuits  often  result  in 
regeneration  when  the  plate  tank  circuit  is 
tuned  slightly  to  the  high-frequency  side  of 
resonance.  This  effect  is  most  evident  when 
excitation  is  low  when  the  amplifier  will  show  a 
sudden  increase  in  output  when  tuned  slightly 
off  resonance.  This  may  be  accompanied  by  a 
pronounced  increase  in  grid  current. 

If  the  feedback  caused  by  inaccurate  neutral¬ 
ization  or  stray  coupling  is  sufficiënt,  the  am¬ 
plifier  may  self-oscillate  at  or  near  the  operat¬ 
ing  frequency.  This  is  quite  obvious  when  the 
amplifier  shows  evidence  of  output  near  the 
operating  frequency  with  the  excitation  re- 
moved.  The  remedies  for  both  regeneration  and 
oscillation  are  more  exact  neutralization  and 
better  isolation  of  input  and  output  circuits. 
In  some  cases,  shielding  between  the  two  will 
help. 

Self-oscillation  is  quite  apt  to  occur  wdth 
tubes  of  high  power  sensitivity  such  as  the  r.f. 
pentodes  and  tetrodes.  In  event  of  either 
regeneration  or  oscillation,  circuit  components 
should  be  arranged  so  that  those  in  the  plate 
circuit  are  well  isolated  from  those  of  the  grid 
circuit.  Plate  and  grid  leads  should  be  made 
as  short  as  possible  and  the  screen  should  be 
well  by-passed  as  close  to  the  Socket  terminal 
as  possible.  A  cylindrical  shield  surrounding  the 
lower  portion  of  the  tube  up  to  a  point  even 
with  the  lower  edge  of  the  plate  is  sometimes 
required.  In  one  popular  type  of  shielded 
construction,  the  tube  base  and  grid-circuit 
components  are  placed  beneath  the  chassis, 
while  the  plate-circuit  components  are  placed 
above. 

Dovble-Resonanoe 

A  peculiar  case  of  unorthodox  amplifier 
operation  oecasionally  encountered  with  triodes 
but  more  often  with  beam  tetrodes  is  one  in 
which  the  maximum  power  output  occurs  not 
at  resonance  as  indicated  by  plate-current  dip, 


but  at  a  point  which  may  be  appreciably  re- 
moved.  It  may  be  remedied  by  moving  the 
plate  connection  down  on  the  tank  coil  until  it 
disappears  or  by  decreasing  the  L-C  ratio  of 
the  tank  circuit. 

Secondary  Emission 

The  most  serious  cases  of  secondary  emission 
usually  occur  in  tubes  of  smaller  sizes  which 
are  being  operated  at  above  normal  voltages. 
The  emission  usually  takes  place  from  the 
grid  which  becomes  sufficiently  hot  to  start 
emitting  electrons.  The  emission  increases  the 
heat  and  the  result  is  a  gradual  increase  in 
plate  current  to  abnormal  value  which  can  be 
stopped  only  by  removing  plate  voltage  and 
allowing  the  tube  to  cool  off.  If  allowed  to 
persist  for  any  length  of  time,  the  tube  will 
be  ruined. 

•  PARASITIC  OSCILLATIONS 

If  the  circuit  conditions  in  an  osoillator  or 
amplifier  are  such  that  self-oscillations  at  some 
frequency  other  than  that  desired  exist,  the 
spurious  oscillation  is  termed  parasitic.  The 
energy  required  to  maintain  a  parasitic  oscilla¬ 
tion  is  wasted  so  far  as  useful  output  is  con- 
cerned,  hence  an  oscillator  or  amplifier  having 
parasitics  will  operate  at  reduced  efficiency. 
In  addition,  the  behavior  of  plate  current  often 
will  be  erratic. 

Parasitic  oscillations  may  be  higher  or  lower 
in  frequency  than  the  nominal  frequency  of 
the  amplifier. 

On  occasion,  the  parasitic  oscillation  may 
take  place  the  instant  plate  voltage  is  applied 
or,  when  the  amplifier  is  biased  beyond  cut-off, 
at  the  instant  excitation  is  applied.  Frequently 
the  oscillation  will  be  sustained  after  the 
excitation  has  been  removed.  Under  these 
circumstances,  the  presence  of  parasitics  is 
quite  apparent  because  the  amplifier  continues 
to  draw  abnormal  plate  current.  If  oscillations 
are  of  the  u.h.f.  type,  they  may  be  so  violent 
as  to  ruin  the  tube  in  short  order  if  allowed  to 
persist.  In  cases  such  as  these,  plate  voltage 
should  be  reduced  to  the  minimum  which  will 
sustain  the  oscillation  so  that  it  can  be  in- 
vestigated.  A  resistance  in  the  positive  high- 
voltage  line  or  a  lamp  in  series  with  the 
plate-transformer  primary  will  limit  the  plate 
current. 

At  other  times,  when  the  amplifier  is  biased 
beyond  cut-off,  the  oscillation  may  not  be 
self-sustaining.  It  may  become  active  only  in 
the  presence  of  excitation  and  may  be  apparent 
only  by  the  production  of  abnormal  key  clicks 
at  intervals  over  a  wide  frequency  range  or 
splatter  with  modulation. 

A  test  for  parasitics  should  always  be  made 
before  placing  an  amplifier  in  operation  for  the 
first  time.  This  can  be  done  by  removing  the 
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excitation,  applying  plate  voltage  and  lowering 
the  bias  until  the  tube  draws  a  fair  amount  of 
plate  current.  If  on  tuning  the  plate  tank 
circuit,  the  plate  current  remains  steady  and  a 
neon-bulb  test  shows  no  r.f.  energy,  it  is  quite 
probable  that  the  amplifier  will  be  free  from 
parasitics. 

Low-Frequency  Parasitics 

Low-frequency  parasitic  oscillations  are  usu- 
ally  caused  by  tuned  grid  and  plate  circuits 
formed  by  r.f,  chokes  tuned  to  nearly  the  same 
frequency  by  associated  coupling  and  by-pass 
condensers.  The  usual  tank  coils  represent 
negligible  inductance  at  low  frequenties  and 
they  may  be  short-circuited  without  affecting 
the  oscillations.  Sometimes  the  tank  condenser 
may  assist  in  the  tuning.  A  neon  bulb  touched 
to  the  plate  of  the  amplifier  tube  usually 
exhibits  a  glow  more  on  the  yellowish-orange 
side  than  normally.  If  search  is  made  on  a 
receiver  with  a  wide  tuning  range  while  the 
amplifier  is  excited,  signals  usually  of  rough 
character  will  be  found  spaced  at  regular 
intervals,  depending  upon  the  frequency  of  the 
parasitic,  over  a  wide  range. 

Low-frequency  parasitics  can  almost  always 
be  avoided  by  observing  two  simple  rules  in 
the  design  of  the  amplifier.  These  are  as  follows: 

1.  In  series-fed  plate  circuits,  never  use 
r.f.  chokes  except  when  a  split-stator  tank 
condenser  is  used. 

2.  If  the  split-stator  condenser  is  used, 
always  use  a  grid  leak  in  series  with  the  grid- 
circuit  r.f.  choke  and  do  not  by-pass  the  lower 
end  of  the  grid  choke. 

Hiéh-Frequency  Parasitics 

In  circuits  in  which  sorae  point  on  the  plate 
tank  coil  is  grounded  for  neutralizing,  a 
circuit  for  high-frequency  parasitic  oscillations 
is  formed  if  the  grid  or  driver  plate  are  tapped 
down  on  the  driver  plate  tank  coil.  This  circuit 
is  not  formed  when  split-stator  neutralizing 
is  used. 

Ultra-Hiéh  Frequency  Parasitics 

U.h.f.  parasitic  oscillations  are  caused  by 
resonance  in  grid  and  plate  connecting  leads  of 
a  neutralized  amplifier.  (See  Fig.  1407.) 
A  neon  bulb  touched  to  the  plate  of  the  am¬ 
plifier  tube  usually  glows  with  a  predominantly 
violet  light.  This  type  of  oscillation  may  or 
may  not  produce  extraneous  signals  at  fre¬ 
quenties  lower  than  that  of  the  oscillation  if 
the  amplifier  is  excited.  They  usually  produce 
pronounced  clicks  or  splatter  about  the  carrier 
frequency  if  the  amplifier  is  keyed  or  modu- 
lated. 

The  frequency  may  be  determined  by  con¬ 
necting  a  tuned  circuit  in  series  with  the  grid 
lead  to  the  tube.  A  variable  condenser  of  100 


«tfds.  or  so  may  be  used  in  conjunction  with 
three  or  four  self-supporting  turns  of  heavy 
wire  an  inch  or  so  in  diameter.  With  the 
amplifier  oscillating  at  the  parasitic  frequency, 


Fig.  140 7  —  The  most  common  u.h.f.  parasitic  circuit. 
The  leads  are  long  enough  to  forra  the  ultraudion 
oscillating  circuit,  This  form  may  he  identified  hy  re- 
moving  the  tank  coil  and  touching  the  h. v.  lead  to  the 
tank-condenser  stator.  The  oscillation  will  persist.  This 
type  is  less  apt  to  oceur  with  split-stator  neutralizing. 

the  condenser  is  slowly  tuned  through  its 
range  until  oscillations  cease.  In  case  this  point 
is  not  found  on  first  trial,  the  turns  of  the  coil 
may  be  spread  apart  or  a  turn  removed  and  the 
process  repeated.  While  this  may  not  be  the 
simplest  cure  in  all  cases,  the  use  of  such  a 
tuned  circuit  as  a  trap  is  an  almost  certain 
remedy,  if  the  frequency  can  be  located,  and 
introducés  little  if  any  loss  at  the  operating 
frequency.  Once  the  values  of  L  and  C  for  the 
trap  have  been  determined,  it  may  be  possible 
to  replace  the  experimental  trap  with  com- 
ponents  of  smaller  physical  size.  A  rearrange- 
ment  of  parts  in  which  shorter  leads  may  be 
used  is  the  alternative  remedy. 

•  HARMON1C  SUPPRESSION 

Unless  certain  precautions  are  taken  a  trans- 
mitter  may  feed  energy  to  the  antenna  system 
at  harmonies  of  the  fundamental  frequency  as 
well  as  at  the  fundamental  frequency.  If  the 
antenna  system  is  suitable  for  these  harmonie 
frequenties,  the  amount  of  power  radiated  at 
these  frequencies  may  be  appreciable.  This  is  a 
matter  to  be  considered  seriously,  especially  if 
the  harmonie  frequency  falls  outside  any  of 
the  bands  assigned  to  amateurs. 

The  harmonies  which  are  most  often  radiated 
are  the  second  from  transmitters  employing 
single-tube  output  stages  and  the  third  from 
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those  employing  push-pull  output  stages, 
although  the  fifth  and  higher  harmonie  fre- 
quencies  have  been  known  to  cause  trouble. 
Harmonie  output  is  apt  to  be  particularly  high 
from  output  amplifiers  using  less  than  optimum 
values  of  tank-condenser  eapacity  (See  Chap. 
5),  driven  with  high  excitation  and  feeding 
long-wire  antennas  which  readily  radiate  har¬ 
monies. 

Several  measures  may  be  taken  to  prevent 
the  radiation  of  harmonies.  Decreasing  the 
L-C  ratio  in  the  tank  circuit  of  the  driver  when 
the  driver  is  operating  as  a  straight  amplifier 
(not  doubling)  will  reduce  the  harmonie  con- 
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Fig.  1408  —  Construction  of  the  Faraday-type  shield 
using  brass  or  copper  rods.  The  upper  ends  of  the  rods 
may  be  fixed  to  the  bakelite  strip  with  Duco  cement. 

tent  of  the  excitation  voltage  and  thereby 
reduce  the  harmonie  output  of  the  amplifier. 
Likewise,  decreasing  the  L-C  ratio  in  the  out¬ 
put  amplifier  tank  circuit  will  reduce  harmonie 
generation  in  this  circuit. 

Half-wave  antennas  fed  by  correctly 
adjusted  low-impedance  lines  do  not 
easily  radiate  harmonie  energy. 

Any  form  of  inductive  coupling  be- 
tween  the  output  amplifier  and  the  an¬ 
tenna  system  will  discriminate  against 
harmonies.  Link  coupling  between  the 
output-amplifier  tank  circuit  and  the  an¬ 
tenna  tuner  is  especially  effective. 

The  eapacity  between  a  large  antenna 
coupling  coil  and  the  tank  coil  of  the  out¬ 
put  amplifier  may  be  sufficiënt  to  provide 
a  ready  path  for  harmonie  energy  to  the 
antenna  system.  This  eapacity  may  be 
nullified  by  the  use  of  electrostatic  shield- 
ing  between  the  two  coils.  Fig.  1408 
shows  the  construction  of  such  a  shield, 
while  Figs.  1409  and  1410  illustrate  the 
manner  in  which  it  is  installed.  Thesereen 
may  also  be  made  up  using  stiff  wire  in- 
stead  of  brass  rod.  The  important  point 
in  the  construction  is  that  at  one  end  the 


conductors  are  insulated,  while  at  the  other 
they  are  connected  together.  (Bib.  1). 

R.F.  Feedback  Troubles 

Occasionally  it  will  be  found  on  test  with 
a  neon  bulb,  or  by  other  indication,  that  points, 
such  as  the  chassis  or  transmitter  frame,  which 
should  be  at  ground  potential  show  consider- 
able  r.f.  voltage.  This  usually  occurs  only  with 
the  antenna  connected.  One  reason  for  this  is 
that  the  antenna  is  not  exactly  the  right 
dimensions  for  the  frequency  used,  or  the  sys¬ 
tem  is  not  tuned  correctly  and  the  antenna  is 
attempting  to  “extend  itself”  to  the  correct 
length  by  adding  in  a  portion  of  the  power 
wiring  etc.  This  condition  is  often  responsible 
for  abnormal  interference  with  broadcast 
reception  in  the  neighborhood.  It  is  difficult  to 
prevent  this  by  grounding  unless  a  very  short 
ground  wire  is  possible.  The  trouble  is  en- 
countered  more  frequently  with  direct-coupled 
systems  than  with  those  using  forms  of  in¬ 
ductive  coupling.  End-fed  antennas  are  more 
suseeptible  to  this  form  of  trouble  than  sym- 
metrical  center-fed  systems.  Transmitters  em¬ 
ploying  link  antenna  coupling  or  elec¬ 
trostatic  shielding  seldom  exhibit  this 
trouble.  A  line  filter  connected  at  the 
point  where  the  power  line  enters  the 
transmitter  room  will  sometimes  re¬ 
duce  the  interference  effects. 

Sometimes  it  will  be  found  that  certain 
lights  in  the  house  will  glow,  even  though 
switched  off,  when  the  carrier  is  turned  on. 
This  occurs  most  frequently  when  the  building 
in  which  the  transmitter  is  located  is  in  the 
immediate  inductive  field  of  the  antenna  and 
where  open  unshielded  wiring  is  used.  If  the 
effect  is  caused  by  resonance  in  some  branch 


Fig.  1409  —  Showing  the  manner  in  which  the  electrostatic 
shield  is  mounted  between  final  tank  and  antenna  coupling  coila. 
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of  the  house-wiring,  it  is  sometimes  possible 
to  detune  the  circuit  with  0.01-/xfd.  by-pass 
condensers  across  the  afFected  Iamps  or  by 
placing  inductances  in  the  line.  If,  as  is  more 
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usual,  the  effect  is  one  of  induction,  the  only 

remedy  is  to  move  the  antenna. 


Mug.. 

coils 


Fig.  1410  —  Arrangement®  lor  neing  the  shields  with 
single-ended  and  push-pull  circuits. 


Tuning  Procedure 

When  all  irregularities  in  a  transmitting 
system  have  been  ironed  out,  the  tuning  of  a 
multi-stage  transmitter  is  not  at  all  difficult. 
The  process  should  be  started  with  the  antenna 
disconnected  or  decoupled.  Starting  with  the 
oscillator,  each  plate  circuit  is  tuned  for  the 
characteristic  dip  in  plate  current  and  grid 
tanks,  if  used,  tuned  for  maximum  grid  cur¬ 
rent.  When  different  sections  of  the  transmitter 
operate  from  separate  power  supplies,  each 
power  supply  should  be  turned  off  until  the 
stages  operating  from  it  are  ready  to  be  tuned. 
High-voltage  stages  should  be  tuned  up  at 
reduced  plate  voltage.  Care  should  be  taken  in 
tuning  doubler  stages  to  piek  the  second  har¬ 
monie  of  the  driving  frequency  rather  than  the 
third  harmonie  which  may  also  be  within  the 
tuning  range  of  the  tank  condenser.  When  the 
final  amplifier  has  been  tuned  to  resonance, 
the  antenna  is  coupled  and  tuned  for  maximum 
plate  current.  Tuning  of  the  antenna  may 
detune  the  output  ampiifier  circuit  and,  there- 
fore,  retuning  of  the  final  tank  should  follow 
each  adjustment  of  antenna  tuning  or  coupling 
adjustment.  If  the  plate  current  of  the  ampli¬ 
fier  is  higher  than  rated  after  retuning, 
Knob  tn  sh'Je  the  coupling  should  be  reduced.  If  the 

N°r 'Ttë^ether  P^e  current  is  not  up  to  rating,  the  an- 
tenna  coupling  may  be  increased.  Each 
adjustment  of  coupling  should  be  followed 
with  a  check  on  the  tuning  of  the  final  ampli¬ 
fier  tank  and  the  antenna  tuner. 

Coupling  untuned  lines  will  have  less  de- 
tuning  efiect  than  tuned  lines  if  the  system  is 
correctly  adjusted.  Coupling  adjustment  in 
this  case  consists  chiefly  of  increasing  the 
coupling  until  the  final  amplifier  draws  rated 
plate  current,  although  a  final  check  should  be 
made  on  the  tuning  of  the  output  amplifier. 
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Keying  the  Transmitter 

Keying  Systems  —  Key-Click  Filters  —  Break  In  —  Monitoring  — 

Broadcast  Interference 


Satisfactory  keying,  from  the  standpoint 
of  eode-character  formation,  results  if  the 
keying  method  employed  reduees  the  power 
output  to  zero  when  the  key  is  “open  ”  and  per- 
mits  full  power  to  reach  the  antenna  when  the 
key  is  “closed.”  Furthermore,  it  should  do  this 
without  causing  keying  transients  or  “clicks,” 
which  cause  interference  with  other  amateur 
stations  and  with  local  broadcast  reception; 
and  it  should  not  affect  the  stability  of  the 
transmitter. 

Back-Wave 

From  various  causes  some  energy  may  get 
through  to  the  antenna  during  keying  spaces. 
The  effect  then  is  as  though  the  dots  and  dashes 
were  simply  louder  portions  of  a  continuous 
carrier;  in  some  cases,  in  fact,  the  back-wave, 
or  signal  heard  during  the  keying  spaces,  may 
seem  to  be  almost  as  loud  as  the  keyed  signal. 
Under  these  conditions  the  keying  is  hard  to 
read.  A  pronounced  back-wave  often  results 
when  the  amplifier  stage  feeding  the  antenna 
is  keyed ;  it  may  be  present  because  of  incom¬ 
plete  neutralization  of  the  final  stage,  allowing 
some  energy  to  get  to  the  antenna  through 
the  grid-plate  capacity  of  the  tube,  or  because 
of  magnetic  pickup  between  antenna  coupling 
coils  and  one  of  the  low-power  stages. 

A  back-wave  also  may  be  radiated  if  the  key¬ 
ing  system  does  not  reduce  the  input  to  the 
keyed  stage  to  zero  during  keying  spaces.  This 
trouble  will  not  occur  in  keying  Systems  which 
cut  off  the  plate  voltage  when  the  key  is  open, 
but  may  be  present  in  grid-blocking  Systems  if 
the  blocking  voltage  is  not  great  enough  and, 
in  power  supply  primary-keyed  systems,  if  only 
the  final  stage  power  supply  primary  is  keyed. 

Choosing  the  Stage  to  Key 

Radiation  of  a  back-wave  often  can  be  pre- 
vented  by  keying  a  stage  preceding  the  final 
amplifier. 

If  one  of  the  early  stages  in  the  transmitter  is 
keyed,  the  following  stages  must  be  provided 
with  fixed  bias  sufficiënt  to  cut  off  plate  cur- 
rent,  or  at  least  to  limit  the  current  to  a  safe 
value.  Complete  cut-off  is  preferable,  since  the 
possibility  of  back-wave  radiation  is  reduced 
when  no  plate  current  at  all  is  drawn  by  the 


tubes  following  the  keyed  stage.  The  stabil¬ 
ity  of  the  transmitter  can  be  adversely  af- 
fected  by  keying  if  the  keyed  stage  directly 
follows  the  oscillator.  Practically  all  oscil- 
lators,  including  crystal-controlled  types, 
will  exhibit  some  frequency  change  with 
changes  in  load.  In  a  multi-stage  transmitter 
the  load  on  the  oscillator  is  of  course  the  input 
circuit  of  the  following  tube;  for  this  reason 
it  is  good  practice  to  have  a  buffer  stage  be¬ 
tween  the  oscillator  and  the  keyed  stage.  Elec- 
tron-coupled  or  Tri-tet  oscillators  are  less 
subject  to  this  difficulty  than  straight  self- 
controlled  or  crystal  oscillators  because  of  the 
buffering  action  of  the  separate  output  circuit 
used  in  these  oscillators. 

If  the  oscillator  itself  is  keyed  for  break-in 
work,  chirpy  keying  will  nearly  always  result, 
especially  on  the  higher-frequency  bands.  On 
14  Mc.  and  above,  therefore,  it  is  normally 
advisable  to  forego  oscillator  keying  (and 
break-in)  for  the  distinctly  better  keying  that 
will  result  from  keying  a  buffer  and/or  final 
stage. 

Plate  Keying 

A  stage  keyed  in  the  power  supply  ahead  of 
the  filter  is  often  advantageous,  because  the 
filter  acts  as  a  lag  circuit,  giving  a  desirable 
form  to  the  keying  characteristic.  However,  if 
much  filter  is  used  it  will  be  found  that  the 
lag  becomes  too  great  for  high-speed  keying. 

A  simple  method  of  plate  keying,  adaptable 
mainly  in  small  portable  transmitters  where 
the  voltage  is  not  high,  is  that  shown  in  Fig. 
1501.  The  condenser  Ci  should  be  varied  to 
give  just  enough  lag  to  overcome  any  tendency 
towards  clicks.  It  is  not  advisable  to  use  this 
system  with  high  voltages  unless  a  keying 
relay  is  employed. 


Fig.  1501 — Simple  negative-lead  keying,  applicabie 
to  low-voltage  stages.  The  condenser  Ci  should  be  the 
minimum  that  will  prevent  any  clicks.  Between  0.25 
and  1.0  afd.  will  be  about  right. 
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Primary  Keying 

Keying  the  primary  of  one  or  more  plate 
transformers  will  result  in  excellent  keying 
with  no  clicks  or  thumps  on  the  signal,  and 
only  a  small  local  click  dne  to  the  spark  at  the 
key.  This  click  is  easily  reduced  by  means  of 
an  r.f.  filter  (see  Fig.  1515).  However,  if  ade¬ 
quate  filter  is  used  on  the  power  snpply  the 
keying  will  be  too  “soft  ”  and  the  lag  too  great, 
and  for  this  reason  primary  keying  should  be 
done  in  a  driver  stage,  and  never  in  the  output 
stage.  A  driver  stage,  if  it  is  fully  exciting  the 
driven  stage,  can  have  the  filter  reduced  to  a 
point  where  the  keying  will  not  be  too  soft  and 
yet  the  excitation  will  not  introducé  much  rip- 
ple  on  the  signal. 

Two  methods  of  primary  keying  are  shown 
in  Fig.  1502.  Each  method  requires  a  bias  pack 
capable  of  delivering  cut-off  bias  for  the  final 
stage.  In  the  second  method,  since  the  final 
stage  is  biased  to  cut-off,  the  filter  condensers 
of  the  final  stage  power  supply  will  remain 
charged  between  characters,  and  care  should 
be  taken  to  see  that  these  condensers 
are  discharged  when  the  station  is  shut 
down  or  coils  are  being  changed.  A  high- 
resistance  bleeder  (R{)  of  34-megohm  or 
so  will  discharge  the  condensers  to  a  low  point 
after  a  period  of  time  without  impairing  the 
keying. 

Controlled  Reet i fier  Keying 

The  advantages  of  primary  keying,  with  the 
additional  advantage  of  not  having  to  break 
a  heavy  current  with  the  key  or  keying  re- 
lay,  can  be  obtained  with  the  controlled  recti- 
fier  tubes  recently  made  available  to  ama¬ 
teurs.  These  tubes  can  be  obtained  with 
either  grid-control  or  external  magnetic 
control.  They  can  be  used  for  power- 
supply  keying  in  the  same  fashion  as 
primary  keying  (Fig.  1502)  with  the  modifica- 
tion  that  where  a  primary  was  shown  keyed, 
the  rectifier  tubes  are  keyed. 

Representative  grid-control  keying  circuits 
are  shown  in  Fig.  1503,  and  a  magnetic-control 
diagram  is  shown  in  Fig.  1504.  (Bib.  1,  2) 

Controlled-rectifier  tubes  cannot  be  used  as 
keyer  tubes  in  d.c.  circuits  but  only  in  a.c.  ap- 
plications. 

Since  the  current  flowing  from  the  rectifier 
into  a  condenser-input  filter  is  pulsating  d.c. 
that  reduces  to  zero  during  each  half  of  the 
cycle,  a  grid-controlled  rectifier  tube  can  be 
used  to  key  between  the  rectifier  and  the  first 
condenser  of  the  filter.  Such  a  system  is  shown 
in  Fig.  1505.  Here  a  single  grid-controlled 
rectifier  is  used  to  key  two  stages,  and  the  type 
of  keying  is  quite  similar  to  the  lower  system 
shown  in  Fig.  1502,  and  has  the  same  general 
characteristics.  (Bib.  3) 


Grid  Keying 

Grid  keying  methods  operate  on  the  prin- 
ciple  of  controlling  plate  current  flow  through 
application  of  proper  bias  values  with  the  key 
opened  and  closed.  Two  representative  ar- 
rangements  are  shown  in  Fig.  1506.  The  upper 
drawing  shows  the  key  inserted  in  series  with 
the  grid  leak  or  grid  return  circuit.  With  the 
key  closed,  the  amplifier  or  oscillator  operates 
normally;  with  the  key  open,  there  is  no  d.c. 
path  between  grid  and  filament,  consequently 
the  electrons  drawn  to  the  grid  by  the  exciting 
voltage  remain  trapped  on  the  grid  causing  it 
to  assume  a  highly  negative  charge.  The  sys¬ 
tem  works  best  with  high-p  tubes:  it  may  be 
found  impos8ible  to  completely  cut  off  low-a 
tubes. 

Another  method  of  accomplishing  the  same 
result,  in  this  case  through  supplying  addi¬ 
tional  fixed  bias  of  sufficiënt  value  to  cut  off 
plate  current  flow  despite  excitation,  is  shown 
in  the  lower  drawing  of  Fig.  1506.  Grid-leak 
bias  for  normal  operation  is  shown,  although  a 
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Fig.  1502  —  Primary  keying  methods.  The  upper 
diagram  shows  only  the  driver  stage  keyed;  the  lower 
diagram  shows  keying  of  both  driver  and  final  stages. 
Ci  can  usually  be  on  the  order  of  1  afd.;  hi  gher  values  will 
introducé  "tails.”  Cj  should  have  a  voltage  rating  capa¬ 
ble  of  withstanding  the  bias  developed  across  Ri,  and 
should  have  a  capacity  of  4  jjfd.  or  more.  Ri  is  the  usual 
size  of  grid  leak  resistor  for  the  tube  or  tubes  used  in  the 
final  stage,  with  a  slightly  greater-than-normal  rating 
to  withstand  the  extra  current  introduced  by  the  bias 
snpply. 
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battery  or  other  bias  source  could  be  substi- 
tuted  for  the  leak.  With  the  key  closed,  the 
lower  end  of  the  leak  is  connected  to  the 
filament  center  tap.  When  the  key  is  opened, 
additional  bias  from  the  blocking-voltage 
source  is  connected  in  series  with  the  leak 
through  the  resistor  R.  The  chief  function  of  R 
is  to  limit  the  flow  of  current  when  the  key  is 
closed,  since  without  R  the  key  would  be  a 
direct  short  circuit.  The  value  of  R  is  not 
critical  but  should  be  quite  high  —  at  least 
5000  ohms  for  every  45  volts  —  to  limit  the 
current  to  a  safe  value.  The  additional  bias 
voltage  required  to  cut  off  plate  current  (or 
“block”  the  grid)  will  depend  upon  the  ampli- 
fication  factor  of  the  tube  and  the  amplitude 
of  the  excitation  voltage;  it  must  at  least  be 
equal  to  the  peak  positive  grid  swing  plus 
the  bias  required  to  cut  off  plate  current  with¬ 
out  excitation.  If  the  amplifier  or  oscillator  is 
operating  Class-C,  the  keying  bias  required 
probably  will  be  two  or  three  times  the  normal 


2.5V. 
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Fig.  1503  —  Kering  with  grid -con trol  rectifiers.  The 
two  upper  Systems  require  high-voltage-ineulated  relays 
for  keying.  These  can  be  made  easily  from  old  trickle- 
charger  automatic  switches,  with  the  contacta  placed  on 
bakelite  outriggers.  The  contacts  can  be  email  because 
the  current  is  negligible.  The  lower  diagram  shows  a 
System  requiring  do  relay  but  necessitating  a  well- 
ineulated  transformer.  The  voltage  from  the  keying 
transformer  should  be  300  or  more  volts  each  side  of 
center  tap. 
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X  —  Switch  to  allow  preheating  filamenta. 

Mi,  M2  —  Magnet  coila,  wound  on  U-ehaped  corcs  the 
ends  of  which  are  placed  on  either  aide  of  the 
tube.  5000  turns  of  No.  34  or  36  wire  on  a  balf- 
inch  square  Silicon  steel  Iaminated  core,  approx- 
imately  long  on  each  side  of  the  U  (Ray¬ 

theon  U3372). 

operating  bias  (twice  cut-off).  Smaller  bias 
would  serve  for  an  amplifier  with  less  excita¬ 
tion. 

Grid-block  keying  systems  are  best  adapted 
to  stages  using  high  amplification-factor  tubes 
working  without  too  much  excitation. 

Center -Tap  Keying 

A  combination  of  both  grid  and  plate  circuit 
keying  is  shown  in  Fig.  1507.  This  method, 
known  as  center-tap  keying,  has  attained  wide 
popularity.  In  center-tap  keying,  one  side  of 
the  key  is  connected  to  the  midpoint  of  the 
filament  center-tap  resistor  or  to  the  center-tap 
of  the  filament  transformer;  the  grid  and  plate 
returns  connect  to  the  other  side  of  the  key. 

Center-tap  or  cathode  keying  gives  an  excel¬ 
lent  keying  characteristic  but  it  has  the  dis¬ 
ad  vantage  that  considerable  voltage  can  ap- 
pear  across  the  key,  and  a  keying  relay  should 
normally  be  used. 

Suppressor -Grid  Keying 

Keying  the  suppressor  grid  of  a  pentode-type 
tube  usually  will  be  found  to  be  quite  satis- 
factory.  The  plate  current  can  be  completely 
cut  off  by  placing  a  small  negative  voltage  on 
the  suppressor  grid  —  100  to  200  volts  is  ad¬ 
equate  in  most  cases.  Fig.  1508  illustrates  one 
method,  using  a  separate  power  pack  which 
supplies  keying  bias,  that  has  been  used  in  a 
number  of  stations  with  excellent  results. 
With  the  key  open,  the  suppressor  receives 
negative  bias  through  the  50,000-ohm  resistor, 
the  value  of  bias  being  adjusted  to  cut  off 
plate  current.  When  the  key  is  closed,  the  sup- 
pressor  bias  is  brought  to  zero  through  return 
to  the  cathode.  The  50,000-ohm  resistor  pre- 
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Vents  short-circuiting  the  bias  supply.  The 
combination  of  Ri  and  C j  forms  a  lag  circuit 
for  the  elimination  of  clicks.  The  resistor  and 
condenser  can  have  practically  any  value,  so 
long  as  their  product  (ohms  times  microfarads) 
is  around  5000.  It  is  not  wise  to  have  the  value 


zero,  however,  so  screen  keying  is  seldom  used, 
although  it  has  some  application  in  oscillator 
keying,  as  will  be  described  later. 

•  Keyer  Tubes 

Vacuum-tube  lag-circuit  keying  arrange- 
ments  are  shown  in  Fig.  1509.  They 
may  be  used  in  the  plate,  screen- 
grid,  or  center-tap  circuits  of  any 
amplifier  which  is  to  be  keyed. 

The  time-constant  of  the  resist- 
ance  and  capacity  in  the  grid  cir¬ 
cuit  of  the  keyer  tube  provides  the 
slow  build-up  of  power  output 
which  prevents  clicks.  The  keyer 
tube  has  some  resistance  even 
though  the  grid  is  connected  to  the 
filament  when  the  key  is  closed,  so 
the  plate  voltage  on  the  keyed 
stage  will  be  lower  than  with  other 
keying  systems.  To  overcome  this, 
several  tubes  may  be  connected  in 
parallel.  The  2A3  or  45  type  tubes 
are  excellent  for  low-power  trans- 
mitters  because  their  plate  resis¬ 
tance  is  low.  One  tube  can  be  used 
for  each  50  ma.  of  plate  current  re- 
quired  by  the  tube  being  keyed. 
The  filament  transformer  for  the 


Fig.  1505  —  A  method  of  applying  a  single  controlled- 

rectifier  to  multi-stage  keying. 

Ti  —  Bias  transformer,  300-volt  each  side,  low  current, 
insulated  for  total  plate  voltage. 

Ta  —  Driver  plate  transformer. 

T3  —  Final  plate  transformer. 

T4  —  Keyed-rectifier  filament  transformer.  2  J/^-volt, 
10,000-volt  insulation. 

KT  —  Controlled  rectifier  tube.  (Eimac  K.Y-21  or 
Sheldon  KY-866.) 

Ci  —  .25  fdd.,  600-volt  paper. 

C2  —  1  nfd.  if  driver  uses  high  voltage  and  low  eurrent; 
2  4ifd.  if  driver  takes  low  voltage  and  high  cur¬ 
rent. 

C3,  C4,  Ch  —  Final  amplifier  filter. 

Rl  —  50,000-ohju,  2-watt  carbon. 

R2  —  1-3  megohm,  or  high-voltage  voltmeter. 

R3  —  Driver  Btage  grid  leak. 


of  resistance  too  high,  however.  From  5000 
to  10,000  ohms  is  about  right.  The  power  pack 
can  also  be  used  to  supply  bias  voltage  for  the 
following  stages. 


keyer  tubes  need  not  be  center-tapped:  in  fact, 
the  tubes  may  be  connected  in  series  if  desired. 

Tube  keying  is  used  in  a  large  number  of 
commercial  high-speed  transmitters  and  is 
well  worth  investigating  by  the  serious  ama¬ 
teur  interested  in  good  keying. 

Sources  of  Bias 

If  a  multi-stage  transmitter  is  keyed  in  one 
of  the  low-power  stages,  it  is  necessary  to  bias 
the  following  stages  so  that  they  will  not 


Grid  bios  > 
resistor 


Screen-Grid  Keying 

Screen-grid  tubes  often  can  be  keyed  by  in- 
serting  the  key  in  the  positive  screen  lead, 
especially  when  the  screen  voltage  is  obtained 
from  a  supply  separate  from  that  furnishing 
the  plate  power.  If  the  screen  voltage  is  ob¬ 
tained  from  the  plate  supply  through  a  drop¬ 
ping  resistor,  this  method  of  keying  is  unsafe 
with  high-voltage  tubes  unless  a  keying  relay 
is  used,  because  the  potential  on  one  side  of  the 
key  rises  to  the  full  plate  potential  when  the 
screen  current  is  cut  off.  Opening  the  screen 
circuit  does  not  always  reduce  the  output  to 


Fig.  1506 — Methods  of  bloeked-grid  keying.  These 
systems  are  normally  suitable  on  1  y  for  high-41  tubes. 
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draw  plate  current  with  the  key  up.  A  simple 
a.c.  power  supply  is  ordinarily  used  for  this 
purpose,  although  batteries  can  be  substi- 
tuted.  The  grid  leak  resistor  will  be  placed 
across  the  output  of  the  bias  supply  and,  in 
cases  where  large  amounts  of  grid  current  are 
drawn  at  fairly  low  voltages  (low  resistance 
grid  leak),  the  bias  supply  must  run  at  fairly 
heavy  current.  For  example,  if  the  final  am- 
plifier  is  to  run  with  400  volts  bias  at  100  ma., 
a  grid  leak  of  about  4000  ohms  will  be  used. 
But  if  the  cut-off  bias  is  200  volts,  the  grid 
resistor  will  draw  50  ma.  from  the  bias  supply. 
This  relatively  heavy  drain  must  always  be 
considered  when  building  a  bias  supply.  Also, 
the  grid  leak  resistor  must  be  heavy  enough 
to  stand  the  current  and  the  filter  condensers 


Fig.  1507  -  Center-tap  keying.  Keying  for  filament 
type  tubes  is  shown  at  the  left  and  for  cathode  types 
at  the  right.  The  by-pass  condensers,  C,  shoiild  be  about 
0.001  g^fd.  and  capable  of  withstanding  full  plate 
voltage.  They  are  necessary  to  furnish  an  r.f.  return  to 
grouiid.  Tuil  plate  voltage  appears  across  the  key,  so  a 
relay  should  be  substituted  for  the  key  if  high  voltages 
are  used. 


must  have  a  high-enough  voltage  rating  to 
stand  the  full  bias  voltage. 

If  the  bias  supply  is  to  be  used  only  for  key¬ 
ing,  as  in  the  case  of  grid-block  or  suppressor- 
grid  keying,  a  very  small  b.c.  transformer 
may  be  used,  its  only  requirement  being  that 
it  furnish  sufficiënt  voltage.  (Bib.  4) 

It  is  possible  to  obtain  keying  bias  without 
extra  cost  from  the  power  supply  used  for  low- 
power  stages  in  multi-stage  transmitters,  when 
the  keyed  stage  has  its  own  separate  supply. 
This  can  be  done  as  illustrated  in  Fig.  1510. 
Since  this  entails  connecting  the  positive  termi¬ 
nal  of  the  low- voltage  supply  to  the  negative 
terminal  of  the  high-voltage  supply,  the  fila- 


Fig.  1508  —  Suppres- 
sor-grid  keying.  The  con¬ 
denser  Cl  can  be  the 
UBual  0.01 -/ifd.  by-paBs 
shunted  by  a  larger  con* 
deneer  to  give  the  proper 
time-cODBtant. 
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ment  circuits  of  the  tubes  working  from  the 
two  supplies  cannot  be  connected  together. 
The  condenser  C  serves  to  put  all  cathodes  at 
the  same  r.f.  potential  without  direct  connec- 
tion  between  them.  Resistor  R  limits  the  cur¬ 
rent  when  the  key  is  closed,  as  already  ex- 
plaincd.  A  value  of  50,000  ohms  will  suffice  for 
a  low- voltage  supply  of  400  volts  or  so.  It 
should  have  a  rating  of  about  5  watts. 

Oscillator  Keying 

Experience  with  keyed  oscillators  has  shown 
that  the  use  of  a  voltage  divider  instead  of  a 
simple  series  resistor  for  the  screen  of  the  os¬ 
cillator  tube  helps  materially  in  eliminating 
chirps.  Cathode  keying  of  the  oscillator  is  sim¬ 
ple  and  usually  effective.  Two  methods  of  key¬ 
ing  in  the  cathode  circuit  are  shown  in  Fig. 

1511.  and  screen-grid  keying  is  shown  in  Fig. 

1512.  The  suppressor-grid  of  a  Tri-tet  oscillator 
may  be  keyed,  as  in  Fig.  1508,  but  the  crystal 
will  oscillate  weakly  all  of  the  time,  as  in  the 
case  of  screen-grid  keying,  resulting  in  a  signal 
in  the  receiver  on  the  crystal  frequency  even 
with  the  key  in  the  “open”  position.  For  this 
reason,  screen-grid  and  suppressor-grid  oscil¬ 
lator  keying  are  not  recommended  for 
net-frequency  operation  unless  the  trans¬ 
mitter  is  well-removed  from  the  receiving 
location. 

Crystal  keying  can  also  be  used  to  advan- 
tage,  and  two  typical  circuits  are  shown  in  Fig. 

1513. 

If  it  is  found  difficult  to  key  an  oscillator 
without  a  chirp,  loosening  the  loading  on  the 
oscillator  may  cure  it.  If  it  is  a  pentode-type 
oscillator,  the  capacity  of  the  tuning  condenser 
should  be  decreased  slightly  instead  of  run¬ 
ning  the  tube  at  its  maximum  output  point. 
Decreasing  the  capacity  of  the  cathode  con¬ 
denser  will  help  in  the  case  of  a  Tri-tet  os¬ 
cillator. 

If  an  electron-coupled  oscillator  chirps  un- 
der  keying,  it  may  be  that  the  grid-circuit 
tank  utilizes  too  low-C  a  circuit,  and  taking 
turns  off  the  coil  and  increasing  the  condenser 
size  will  help.  Detuning  the  plate  circuit  will 
also  contribute  to  the  stability,  as  will  careful 
proportioning  of  the  screen  and  plate  volt¬ 
ages.  A  major  cause  of  poor  e.c.o.  stability  is 
incomplete  shielding  from  the  high-powered 
portion  of  the  transmitter,  and  it  is  advisable 
to  remove  the  e.c.o.  from  the  transmitter 
proper  and  place  it  in  a  well-shielded  box  on 
the  operating  table  if  any  chirp  persists.  Link 
coupling,  with  one  side  of  the  link-line 
grounded,  can  be  used  between  the  e.c.o. 
and  the  transmitter. 

Key  Clicks  and  Thunaps 

When  power  is  applied  or  removed  from 
the  transmitter  very  suddenly,  as  in  the 
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case  of  keying,  it  is  the  same  as  though  the 
transmitter  were  being  modulated  by  a  signal 
which  contains  a  great  number  of  different 
frequencies,  with  the  result  that  the  sidebands 
can  extend  for  many  kc.  either  side  of  the 
transmitter  frequency,  at  the  instant  that  the 
power  is  applied  or  removed.  The  signal  that 


Fig.  1509  —  Vacuum -tuhe  keying.  The  series  method 
is  simple  but  does  not  completely  cut  o  ff  the  current 
flow.  It  may  be  uscd  in  some  applications  where  the 
following  stage  is  heavily  biased.  C  may  be  between  0.25 
and  1.0  ;:fil.  Kesistor  R  should  be  adjusted  to  cause  the 
plate  current  to  drop  to  a  minimum  when  the  key  is 
open.  A  variable  resistor  of  50,000  ohms  should  give 
enough  range. 

The  System  with  external  bias  is  verv  cffective.  Ri 
and  Ci  give  the  variable  time-constant,  and  should  be 
proportioned  as  described  under  suppressor-grid  keying, 
except  that  the  resistance  can  be  a  much  higher  value, 
with  the  capacity  correspondingly  lower. 

is  heard  off  the  main  frequency  is  the  familiar 
“key  click”  or  “key  thump”  that  many  sta¬ 
tions  are  guilty  of.  It  is  caused  by  the  steep- 
ness  of  the  wave-front  of  the  applied  power. 

Another  type  of  click  that  can  only  be  heard 
locally  and  does  not  necessarily  appear  on  the 
transmitted  signal  is  caused  by  the  spark  at 
the  key,  where  the  spark  acts  as  a  miniature 
spark  transmitter.  With  some  types  of  keying, 
the  r.f.  generated  at  the  key  can  get  back  to 
the  transmitter  and  modulate  the  transmitter. 
This  type  of  trouble  can  easily  be  elimi- 
nated  by  means  of  a  small  r.f.  filter  at  the  key. 

Because  the  amount  of  energy  involved  is 
small  and  is  distributed  over  a  wide  band  of 
frequencies,  the  interference-producing  effects 
of  keying  transients  usually  are  confined  to  an 
area  quite  close  to  the  transmitter  except  on 


frequencies  within  a  few  kilocycles  of  the 
transmitting  frequency.  In  other  words,  key 
clicks  are  likely  to  be  observed  on  only  those 
broadcast  receivers  located  within  a  hundred 
yards  or  so  of  the  transmitter,  but  may  cause 
interference  to  amateur  stations  hundreds  of 
miles  away  working  in  the  same  portion  of  the 
same  band.  Obviously  it  is  to  the  interests  of 
the  amateur  himself  to  prevent  key  clicks,  not 
only  because  of  a  possible  unfavorable  reac- 
tion  on  the  part  of  nearby  broadcast  Hsteners 
but  also  to  prevent  unnecessary  interference 
in  the  amateur  bands. 

Prevent  ion  oi  Key  Clicks 

There  are  two  general  methods  of  attack  in 
preventing  keying  transients.  The  first  is  by 
feeding  the  power  to  the  transmitter  at  a  com- 
paratively  slow  rate  on  closing  the  key  and 
shutting  it  off  gradually  instead  of  suddenly 
on  opening  the  key.  The  second  is  by  the  use  of 
radio-frequency  filters  which  absorb  the  tran- 
sient  before  it  can  get  to  a  part  of  the  circuit 
from  which  radiation  is  possible.  Both  methods 
have  been  very  successful. 

Lag  Circuits 

Three  representative  lag  circuits  are  shown 
in  Fig.  1514.  The  one  shown  at  B  is  a  more 
complex  version  of  the  one  shown  at  A,  and 
can  be  tried  in  hard-to-cure  cases.  That  at  C  is 
a  novel  System  that  has  worked  well  in  several 
cases. 

Lag  circuits  should  be  used  in  keying  when 
it  is  found  that  the  signal  itself  has  a  thump  or 
click  on  it,  as  reported  by  other  amateurs.  A 
click  in  local  b.c.  receivers  may  often  be  caused 
by  only  the  spark  at  the  key  and  can  be  cured 
by  a  simple  r.f.  filter. 

R.F.  Filters 

With  an  r.f.  key  filter  the  transient  oscilla- 
tions  set  up  at  the  key  are  prevented  from 
reaching  the  transmitter  and  being  radiated. 
To  be  most  effective,  this  type  of  filter  must 
be  installed  right  at  the  key,  since  connecting 


Mo  D  C. 


Fig.  1510  —  Utilizing  the  low-voltage  power  euppiy 
for  blocking  bias  in  blocked-grid  keying.  C  should  be 
0.002  #dd.  or  so. 
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leads  of  even  a  few  feet  between  key  and  filter 
are  long  enough  to  permit  radiation  of  clicks 
and  consequent  interference  to  nearby  receiv- 

ers. 

An  r.f.  key  filter  usually  consists  of  a  pair  of 
r.f.  choke  coils  having  an  inductance  of  ten 
millihcnrys  or  so,  connected  in  series  with  each 
of  the  key  contacts  and  shunted  by  a  con- 
denser  as  shown  in  Fig.  1515.  The  condenser 
ordinarily  will  have  a  capacity  of  0.1  to  0.5  /xf d. 
As  with  the  lag  circuit,  some  experimenting 
with  different  inductance  and  capacity  values 
probably  will  be  required  for  effective  elim- 
ination  of  clicks  in  individual  transmitters. 


A  B 

Fig.  1511- — Catbode  keying  for  tri-tet  oscillator. 
Typical  values  for  6L6:  Ri  —  50,000  ohms;  R2  —  20,000 
ohms.  B  —  Cathode  keying  for  grid-plate  oscillator. 
Typieal  values  for  6L6:  Rs  —  50,000  ohms;  R<  —  400 
ohms;  Rs  —  20,000  ohms. 

Paraaitics  and  Key  Clicks 

If  it  is  found  that  the  use  of  Standard  key 
click  filters  has  little  or  no  effect  upon  clicks, 
an  investigation  should  be  made  to  determine 
if  parasitic  oscillations  are  taking  place  in 
any  of  the  transmitter  circuits.  In  any  case, 
it  should  be  possible  to  adjust  the  bias  of  any 
amplifier  so  that  some  plate  current  is  drawn 
without  the  amplifier  going  into  oscillation. 


Keying  the  Transmitter 

Self-oscillations  have  a  tendency  to  start  each 
time  the  key  is  closed,  resulting  in  bad  key 
clicks  even  though  the  oscillation  is  immedi- 
ately  killed  off  by  excitation. 

Oiher  Considerations  in  Key  Click 
P  reven  iion 

Less  trouble  will  be  encountered  in  eliminat- 
ing  key  clicks  if  the  power  supply  for  the  keyed 
stages  has  good  voltage  regulation  (see  Chap- 
ter  Eleven).  If  the  voltage  regulation  is  poor, 
the  plate  voltage  with  the  key  open  may  be 
50%  to  100%  higher  than  with  the  key  closed; 
hence,  at  the  instant  of  closing  the  key  there  is 
an  impact  at  much  higher  than 
normal  voltage.  This  intensifies  the 
key  click. 

Key  clicks  are  less  likely  to  be  radi- 
ated  if  the  antenna  or  feeder  System  is 
inductively  coupled  to  the  transmit¬ 
ter  rather  than  directly  or  capaci- 
tively  coupled.  A  considerable  reduc- 
tion  in  key  clicks  often  can  be  secured 
simply  by  changing  a  non-inductively 
coupled  System  to  an  inductively- 
coupled  one  with  little  stray  capaci- 
tive  coupling. 

It  is  always  desirable  and  in  some 
cases  may  be  necessary  to  run  the 
110- volt  leads  to  the  transmitter  in 
BX  cable,  grounding  the  outer  shield.  Shield- 
ing  of  the  keying  leads  also  may  be  helpful,  es- 
pecially  if  a  long  line  is  run  between  the  trans¬ 
mitter  and  the  key.  Whenever  shielded  wire  is 
used  the  shield  should  be  connected  to  a  good 
ground. 

To  prevent  keying  transients  from  being 
carried  over  house  wiring  and  power  lines  from 
the  transmitter  to  nearby  receivers,  a  filter 
may  be  installed  in  the  110-volt  line  which 
feeds  the  power  transformers.  Such  a  filter  is 
shown  in  Fig.  1516.  It  consists  of  a  pair  of 
radio-frequency  choke  coils,  one  in  each  leg  of 
the  line,  and  a  pair  of  condensers  in  series 


Fig.  1512  —  Two  Systems  for  screen  key¬ 
ing  of  tetrodes  or  pentodes.  A  —  For  89  or 
802:  Ri  —  7500  ohms;  R2  —  5000  ohms;  Rs 
—  30,000  ohms,  20  watts;  R4  —  40,000 
ohms,  20  watts.  B  —  Rs  —  10,000  ohms; 
Re  —  75,000  ohms;  R7  —  10,000  ohms; 
Rs  —  100,000  ohms;  Ro  —  Usual  plate 
supply  hleeder. 
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acroBS  the  line  with  their  mid-conaection 

grounded.  These  filters  are  commercially 
available  in  most  radio  stores,  but  can  easily 
be  assembled  in  the  home  workshop. 

The  wire  of  which  the  chokes  are  wound 
must  be  heavy  enough  to  carry  the  current 
taken  by  the  power-supply  system.  No.  14  or 
No.  16  will  be  sufficiënt  in  most  cases.  Mail¬ 
ing  tubes  or  pieces  of  broomstick  make  good 


teries  if  not  too  much  grid  current  is  run 

through  them,  or  a  bias  supply  can  be  built 
for  the  purpose.  The  grid-block  system  for 
keying  an  entire  transmitter,  shown  in  Fig. 
1517,  has  the  merit  that  all  stages  are  blocked 
when  the  key  is  up,  and  a  Iow-current  bias 
supply  can  be  used.  The  voltage  obtained  from 
the  supply  must  be  at  least  equal  to  the  cut-oö 
voltage  of  any  tube  in  the  transmitter. 


A 


B 


Fig.  1513  —  Crystal 
keying  circuits. 


winding  forms  for  these  chokes.  Between  100 
and  300  turns  will  be  required.  The  condensers 
may  be  0.1-yufd.  units  rated  at  200  volts  or 
more. 

Break- ii i  Keying 

The  possession  of  a  transmitter  that  can  be 
used  for  break-in  operation  is  practically  a 
necessity  in  traffic  and  contest  work  and  is  a 
great  convenience  in  everyday  operating  and 
rag-chewing.  Break-in  operation  requires  that 
there  be  no  local  signal  from  the  exciter  stages 
when  the  key  is  up,  and  therefore  oscillator 
keying  followed  by  biased  stages  is  dictated, 
except  in  the  few  instances  where  it  is  possible 
to  locate  the  transmitter  a  mile  or  more  from 
the  receiving  location.  Any  of  the  keying 
systems  described  can  be  used  to  key  a  crystal 
or  electron-coupled  oscillator,  but  care  must 
be  taken  to  see  that  the  stability  of  the  signal 
is  not  affected.  The  bias  for  the  stages  follow- 
ing  the  oscillator  can  be  obtained  from  bat- 


Monitoring 

It  is  a  distinct  advantage  to  be  able  to  listen 
to  one’s  own  sending  during  transmission 
periods,  particularly  when  a  “bug”  key  is  used 
at  high  speeds,  because  it  is  easy  to  get  into 
careless  habits  of  running  letters  together  and 
getting  too  many  dots  in  some  of  the  letters. 
A  signal  monitor  checks  both  keying  and  note 
by  giving  an  accurate  representation  of  the 
signal,  while  a  keying  monitor  works  in  con- 
junction  with  the  key  and  shows  only  how  the 
characters  are  being  sent.  A  signal  monitor 
must  be  stable  and  insensitive  to  line-voltage 
changes,  otherwise  it  will  not  give  an  accurate 
picture  of  the  signal  if  keying  the  transmitter 
fluctuates  the  line  voltage.  Signal  monitors 
are  described  in  Chapter  Seventeen.  Often 
the  station  receiver  can  be  used  as  a  signal 
monitor,  by  shorting  or  disconnecting  the  an¬ 
tenna,  backing  down  the  gain  and  tuning  to  the 
signal,  but  this  is  often  inconvenient  and  a 
separate  monitor  is  more  practical. 


Fig.  1514  —  Lag  circuits  for  eliminating  thumps  and  clicks.  The  primary  of  a  bell-ring- 
ing  tran6former  will  usually  6erve  at  L  in  low-powered  transmitters. 

C  —  0.25  to  1.0  g£d.  C2  —  0.006  nfd .  R2  —  500-25,000  ohms. 

Ci  — 0.5  *ifd.  R  — 50-200  ohms.  Ti  —  BelLringing  transformer. 

Ri  —  100  ohms. 

Radio -frequcncy  chokes  may  be  neceseary  at  in  B. 
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Keying  monitors  can  be  any  simple  audio 
oscillators  which  obtain  their  plate  voltage 
from  the  drop  across  a  resistor  in  one  of  the 
power  leads  of  the  transmitter.  Since  no  cur- 
rent  flows  from  the  power  supply  to  the  trans¬ 
mitter  during  “key  up”  periods,  the  monitor 
will  be  silent  until  the  key  is  pressed,  at  which 
time  the  voltage  drop  across  the  resistor  will 


Fig.  1515  ■ —  An  r.f.  filter  lor 
the  absorption  of  keying  tran- 
sients.  It  is  ordinarily  used  with¬ 
out  a  condenser  directly  across 
the  key.  However,  an  improve- 
ment  sometimes  results  when  a 
condenser  of  about  .002  >ifd.  is 
connected  as  shown  by  the 
dotted  linea. 


actuate  the  monitor.  An  audio  oscillator  suit- 
able  for  use  as  a  keying  monitor  is  diagrammed 
in  Fig.  1518.  It  is  more  convenient  and  safe  to 
use  battery  supply  for  the  filaments  and  a 
loud  speaker  for  listening  than  it  is  to  try  to 
feed  the  signals  into  the  headphones.  The  re¬ 
sistor  R\  will  control  the  pitch  of  the  signal; 
R3  should  be  adjusted  so  that  the  drop  across 
it  is  approximately  30  volts.  If  the  current 
through  the  lead  is  known,  the  value  of  the 
resistor  will  be  given  by 

„  30,000 

R  =  -y- 

where  I  is  the  current  in  milliamperes.  For 
example,  if  the  current  is  100  milliamperes,  the 
resistor  should  be  300  ohms. 

Interference  to  Bioadcast  Reception 

Key  clicks  and  thumps  are  not  only  a  source 
of  annoyance  to  other  amateurs  working  in  the 
same  frequency  band  and  a  mark  of  a  careless 
amateur,  but  they  can  also  be  responsible  for 
considerable  interference  to  nearby  broadcast 
receivers.  A  second  type  of  interference,  called 
“blanketing”  because  it  causes  the  program  to 
disappear  or  come  in  at  reduced  strength  when- 
ever  the  key  is  closed,  also  is  common.  This 
type  of  interference  can  be  minimized  by 
moving  the  broadcast  antenna  away  from  the 
transmitting  antenna  or  by  changing  its  direc- 
tion.  The  pick-up  will  be  least  if  the  two  an¬ 
tennas  are  at  right  angles  to  each  other. 

- — MSLMMMf 

To  Poteer 

Supply 

-* — V ISLMJLHJLr 

Fig.  1516  —  R.f.  filter  for  the  power  luie. 


Keying  the  Transmitter 


Fig.  1517  ■ —  Blocked-grid  keying  system  for  break-in. 
Rl,  R2,  Rs  —  Usual  v lillies;  R*  —  20,000  ohms,  50 
watts;  Rs — •  Fin  al  stage  grid  leak. 

In  severe  cases  it  may  be  necessary  to  install 
a  wave-trap  at  the  receiver  to  prevent  blanket¬ 
ing,  A  wave-trap  consists  simply  of  a  coil  and 
condenser  connected  as  shown  in  Fig.  1519. 
The  condenser  may  be  an  old  one  with  about 
250  or  360  ppfd.  maximum  capacity  and  need 
not  be  especially  efficiënt.  Most  amateurs  have 
“junk  boxes”  with  several  such  condensers  in 
them,  The  size  of  the  coil  will  depend  upon  the 
frequency  on  which  the  transmitter  is  working. 
Representative  values  are  given  in  the  table. 

Frequency  of 

Interfering  Signal _ Coil  ( 3 "  dia.) 

1715-2000  kc.  20  turns 

3500-4000  kc.  8-10  “ 

7000-7300  kc.  4-5  “ 

14000-14400  kc.  3 

Bell  wire  (No.  18)  or  a  size  near  to  it  may  be 
used.  When  the  trap  is  installed  the  trans- 


Fig.  1518  —  An  audio-oscillator  keying  monitor. 

Cl  — 0.01  gg fd.,  600-volt  paper. 

Rl  —  5-megobm  variable. 

R2  —  300  ohms  for  100-ma.  plate  current;  600  ohms  for 
50-ma.  plate  current,  etc.,  2-watt.  (See  text.) 
Ti  — -  Midget  audio  transformer  (Thordarson  T-14A92). 
Sw  —  S.p.s.t.  toggle. 

Speaker  can  be  email  permanent -magnet  speaker,  3“ 
or  so. 
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mitter  should  be  started  up  and  the  condenser 

in  the  trap  adjusted  to  the  point  where  the 
interference  is  eliminated.  This  trap  will  not 
affect  the  operation  of  the  broadcast  receiver. 

Blanketing  may  be  and  generally  is  accom- 
panied  by  key  clicks.  The  wave  trap  may  help 
to  eliminate  the  clicks  but  usually  a  key  click 
filter  will  be  needed  as  well. 

Low-Pass  Filters  tor  Blanketing 

The  chief  disadvantage  of  the  wave-trap  is 
that  it  has  to  be  retuned  if  the  transmitting 
frequency  is  changed  from  one  band  to  another, 


Twed  tqtrvns- 
mitter  frequenctfi 

To  Ant  Pojt 


Tb  God.  Post. 


Fig.  1519  —  How  a  wave- 
trap  can  he  installed  to 
prevent  ccrtain  types  o{ 
interference. 


and  sometimes  also  if  the  frequency  change  is 
only  from  one  end  to  the  other  of  the  same 
band.  In  such  cases  a  better  arrangement  is  the 
low-pass  filter,  designed  to  reject  all  received 
frequencies  except  those  below  a  certain  criti- 
cal  frequency.  If  the  critical  frequency  is 
chosen  just  below  the  lowest  amateur  fre¬ 
quency  used,  the  transmitter  can  be  shifted 
from  one  band  to  another  without  the  necessity 
for  readjustment  of  a  wave  trap.  A  typical 
low-pass  filter  is  shown  in  Fig.  1520.  The  con¬ 
stants  given  are  for  a  cut-off  frequency  of  1600 


1-2  L|  1-2 
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To  Antenna. 


,  To  Ant.  Post  on 
-1-  B  C  Receiver 


To  Set  Ground 


Fig.  1520  —  A  low-pass  filter  for  reduetion  of  inter¬ 
ference  with  broadcast  rcception.  It  should  be  installed 
at  the  receiver.  Constants  are  as  follows:  Li,  54  turns 
of  No.  24  d.s.c.  on  1  J^-inch  diameter  form;  L2,  33  turns 
game;  C,  500  f d .  fixed.  Cut-off  frequency  is  approxi- 
mately  1600  kc. 


kilocycles.  The  filter  is  designed  for  terminat- 
ing  impedances  of  400  ohms. 

Another  type  of  filter  which  has  a  sharper 
cut-off  than  the  one  just  described  is  shown  in 
Fig.  1521.  This  is  of  particular  advantage  for 
’phone  stations  operating  in  the  1800-  and 
3900-kc.  bands,  since  maximum  attenuation 
is  in  the  middle  of  those  bands,  the  nominal 
cut-off  being  somewhat  lower.  The  type  A 
filter  has  greatest  attenuation  at  1930  kc.,  with 
cut-off  beginning  at  1670  kc.  Type  B  has  great¬ 
est  attenuation  at  3950  kc.,  with  cut-off  begin¬ 
ning  ‘at  2470  kc.  The  type  A  is  recommended 
for  work  in  several  bands. 


Fig.  1521  — 

Circuit  diagram  of  sharp 

cut-off  low- 

pass  filter. 

Inductance  in  Microhenrics 

Type 

Ll  1.2 

u 

A 

38  28 

19 

B 

40  6 

20 

Coil  Specifications 

Microhenries 

Turns 

6 

10  No. 

28  d.s.c.  wire 

19 

18 

20 

19 

28 

24 

te 

38 

40 

29 

30  " 

»f  f» 

Coils  wound  on  l%"-diameter  form. 

Superheterodyne  Harmonies 

A  third  type  of  interference  is  peculiar  to 
superheterodyne  broadcast  receivers.  A  strong 
signal  from  the  transmitter  will  be  heard  at 
three  or  four  points  on  the  dial,  while  over  the 
rest  of  the  tuning  range  there  may  be  no  sign  of 
interference.  The  explanation  lies  in  the  fact 
that  the  transmitted  signal  is  picked  up  by 
beating  with  harmonies  of  the  superheterodyne 
oscillator  and  amplified  by  the  i.f.  stages  in  the 
receiver.  If  the  receiver  is  properly  shielded  and 
the  oscillator  is  isolated  from  the  antenna 
circuit,  the  signal  cannot  get  into  the  oscil¬ 
lator  circuit  to  be  mixed  with  its  harmonies 
and  this  type  of  interference  cannot  occur. 
When  it  does  occur  the  fault  does  not  lie  with 
the  transmitter  but  with  the  broadcast  re¬ 
ceiver.  A  wave-trap  may  help  if  the  transmit¬ 
ter  signal  is  brought  into  the  receiver  through 
the  antenna,  but  in  some  cases  the  pick-up  is 
direct  and  the  interference  is  just  as  strong 
whether  the  antenna  is  connected  to  the  re¬ 
ceiver  or  not. 


Fig.  1522  —  Devices  for  eliminating  noise  from  mer- 
cury-vapor  rectifier  tuhes.  The  r.f.  chokes  in  series  with 
each  plate  should  he  plaeed  inside  the  shields  euclosing 
the  rectifiers.  The  chokes  should  have  an  inductance  of 
ahout  10  millihenrys  each.  Small  honeycomh-type 
windings  are  suitable.  Condensers  of  0.002  ufd.  and  150% 
voltage  rating  should  he  used. 


230  CHAPTER  FIFTEEN 


Keyinjs  the  Transmitter 


Often  interference  of  this  type  with  a  nearby 
receiver  can  be  eliminated  by  changing  the  op¬ 
era  ting  frequency  of  the  transmitter.  (Bib.  5). 

Ree  ti  fier  Noise 

Mercury-vapor  rectifiers  often  are  the  source 
of  a  peculiar  type  of  interference  which  takes 
the  form  of  a  raspy  buzz  with  a  characteristic 
120-cycle  tone  (100  cycles  on  50-cycle  power 
Jines  and  50  cycles  on  25-cycle  lines)  often 
broadly  tunable  in  spots  on  the  broadcast 
receiver  dial.  At  the  instant  the  mercury  vapor 
ignites  on  each  half  cycle  of  the  power  fre¬ 
quency  an  oscillation  is  set  up,  the  frequency 
depending  upon  the  characteristics  of  the 
power  supply  apparatus.  Unless  suitable  pre- 
cautions  are  taken  the  oscillations  will  be 
radiated  or  will  travel  back  over  the  power 
line. 

The  line  filter  shown  in  Fig.  1516  usually  will 
suppress  this  type  of  noise.  Sometimes  the 
condensers  alone  will  do  it,  no  chokes  being 
necessary.  Transformers  with  electrostatic 
shields  between  primary  and  secondary  are 
not  likely  to  transmit  the  oscillations  to  the 
line.  Other  ways  of  curing  this  type  of  interfer¬ 
ence  are  shown  in  Fig.  1522.  Sometimes  mak- 
ing  the  plate  leads  to  the  rectifiers  extremely 
short  will  be  sufficiënt. 

Checking  for  Interference 

One’s  own  broadcast  receiver,  if  of  modern 
design,  is  a  good  “subject”  for  experimenting 
with  key  click  filters  and  other  interference- 
prevention  methods.  If  interference  can  be 
eliminated  in  a  receiver  in  the  same  house, 
operating  from  the  same  power  line  and  with 
an  antenna  close  to  the  transmitting  antenna, 
the  chances  are  good  that  there  will  be  no 
general  interference  in  the  neighborhood.  The 
amateur  should  ascertain,  however,  whether  or 
not  interference  is  caused  in  nearby  broadcast 
receivers.  If  your  neighbors  appreciate  that 
you  are  as  much  interested  in  preventing  inter¬ 
ference  to  their  enjoyment  of  broadcast  pro¬ 
grams  as  they  are,  much  more  can  be  ac- 
complished  than  by  acrimonious  disputes.  It  is 
better  to  settle  the  interference  problem  right 
at  the  beginning  than  to  trust  to  luck  with  the 
possibility  of  an  unfavorable  reaction  towards 
amateur  radio  in  general  and  yourself  in  par- 
ticular  by  nearby  broadcast  listeners. 

In  searching  for  causes  of  interference,  it  is  a 
good  idea  to  have  someone  operate  your  trans¬ 
mitter  while  you  listen  on  the  affected  receiver. 
Remove  the  antenna  from  the  receiver,  and  if 


the  interference  disappears  it  is  certain  that  it 
is  coming  into  the  set  through  the  antenna. 
The  various  types  of  interference  prevention 
already  described  should  work  under  these 
conditions.  If  the  interference  persists  when  the 
antenna  is  removed,  it  is  probably  getting  in 
through  the  power  lines.  This  happens  occa- 
sionally  with  a.c.  operated  receivers. 

House  wiring  may  piek  up  r.f.  either  directly 
from  the  antenna  or  through  the  power-supply 
system  of  the  transmitter.  If  the  110-volt  line 
is  found  to  be  picking  up  energy  directly  from 
the  antenna  it  is  advisable  to  change  the  loca- 
tion  of  the  antenna,  if  possible,  or  run  it  in  a 
different  direction.  This  is  particularly  impor¬ 
tant  when,  as  often  happens,  electric  lamps  in 
different  parts  of  the  house  are  found  to  glow 
when  the  key  is  pressed.  The  energy  used  in 
lighting  the  lamps  is  wasted. 

If  r.f.  is  found  to  be  getting  into  the  line 
through  the  power-supply,  a  line  filter  such  as 
is  shown  in  Fig.  1516  should  be  used,  together 
with  power  leads  in  grounded  BX. 

Radiotelephone  Interference 

Key-click  filters  are  naturally  of  no  value  on 
transmitters  used  exclusively  for  ’phone  trans- 
mission,  since  clicks  do  not  occur.  A  phe- 
nomenon  similar  to  key  clicks  can  take  place  if 
the  transmitter  suffers  from  frequency  modu- 
lation  or  from  over-modulation,  because  both 
these  defects  cause  the  radiation  of  side-bands 
often  far  removed  from  the  band  of  frequencies 
normally  required  for  the  transmission  of 
speech.  These  abnormal  side-bands  can  and 
frequently  do  cause  interference  in  the  broad¬ 
cast  band,  often  just  as  a  series  of  unintelligible 
noises  when  the  transmitter  is  modulated. 
The  obvious  remedy  is  to  use  a  radio  frequency 
system  in  the  transmitter  whose  frequency 
does  not  vary  when  modulation  is  taking  place, 
and  to  adjust  the  transmitter  so  that  over- 
modulation  or  “lop-sided”  modulation  does 
not  occur.  Chapter  Sixteen  covers  this  subject. 

Blanketing  and  other  forms  of  interference 
caused  by  r.f.  piekup  can  be  treated  in  exactly 
the  same  way  as  described  previously.  Wave- 
traps  or  low-pass  filters  in  the  receiving  an¬ 
tenna  lead-in  and  r.f.  filters  in  the  power  lines 
will  prove  effective  in  eliminating  this  type  of 
interference. 
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A  ’phone  transmitter  built  of  the  best 
parts  obtainable,  combined  according  to  good 
design  practice,  may  em.it  badly  distorted  in¬ 
terference,  creating  hardly  intelligible  signals 
if  operated  with  improper  adjustment.  If  tbe 
quality  of  the  modulation  of  a  ’phone  station 
is  a  factor  in  the  number  of  contacts  and  the 
results  obtained  —  and  there  is  no  doubt  that 
this  is  true  —  an  inexpensive  low-power  trans- 
mitter  combining  good  design  with  proper 
adjustment  is  far  more  effective  and  satisfac- 
tory  than  one  of  much  higher  power  but  poor 
adjustment  and  consequent  high  distortion. 

The  general  requirements  for  proper  adjust¬ 
ment  are  common  to  ’phone  transmitters 
employing  the  different  methods  of  amplitude 
modulation  discussed  in  Chapter  6.  These  re¬ 
quirements  include: 

1.  Impedance  match  of  modulator  to  modu- 
lated  amplifier. 

2.  Linearity  of  modulated  amplifier. 

3.  Avoidance  of  over-modulation. 

4.  Prevention  or  elimination  of  r.f.  feedback 
into  audio  amplifier. 

In  addition  to  meeting  these  considerations, 
the  transmitter  must  be  capable  of  modulation 
without  any  change  of  carrier  frequency. 
Design  of  the  r.f.  section  for  freedom  from 
unintended  frequency  modulation  is  discussed 
in  Chapter  5. 

•  ADJUSTMENT  OF  PLATE-MODULATED 
TRANSMITTERS 

For  simplicity  of  adjustment  to  proper 
operating  conditions,  the  plate-modulated 
’phone  transmitter  is  unexcelled.  In  the  most 
usual  case,  a  c.w.  transmitter  is  provided  with 
a  Class  B  or  Class  AB  modulator  capable  of 
sine-wave  audio  output  equal  to  half  the  power 
input  at  which  the  modulated  amplifier  is  to 
be  operated.  The  only  circuit  change  of  the  r.f. 
portion  of  the  transmitter  is  insertion  of  the 
secondary  winding  (or  a  portion  of  the  second- 
ary  in  the  case  of  a  multi-impedance  trans- 


former)  of  the  modulation  transformer  ini 
series  with  the  plate  supply  connection  of  the; 
final  amplifier.  The  impedance  which  the: 
modulation  transformer  must  match  is  the- 
value  obtained  by  dividing  modulated  ampli¬ 
fier  plate  voltage  (volts)  by  mod.  amp.  plate 
current  (ma.)  and  multiplying  by  1000,  as 
explained  in  Chapter  6. 

Correct  grid  bias  voltage  for  the  modulatedl 
amplifier  may  be  as  much  as  three  multiplied! 
by  the  correct  bias  for  the  same  stage  and  same: 
plate  voltage  with  c.w.  operation,  as  specifiedi 
in  the  manufacturers’  tube  tables.  The  latter 
source,  or  the  tube  tables  given  elsewhere  im 
this  book,  should  be  consulted  for  correct 
operating  bias  with  plate  modulation.  An  809,. 
for  instance,  should  be  given  160  volts  negative 
bias  for  ’phone  operation  at  500  or  600  volts 
plate,  while  the  same  tube  requires  only  50 
volts  and  60  volts,  respectively,  negative  bias 
for  telegraph  operation  at  500  and  750  volts. 

Correct  r.f.  excitation  power  for  a  modu¬ 
lated  amplifier,  also,  may  be  as  great  as  three 
times  enough  grid  driving  power  for  c.w. 
operation.  Some  c.w.  transmitters,  however, 
are  normally  operated  with  much  higher  exci¬ 
tation  than  the  minimum  required  value,  so 
that  in  some  cases  no  increase  of  driving  power 
is  necessary.  If  the  excitation  power  is  sufficiënt 
to  cause  a  grid  current  value  equal  to  or  slightly 
greater  than  the  value  specified  by  the  tube 
tables  for  plate-modulated  operation  at  the 
specified  grid  bias,  no  increase  of  r.f.  grid  driv¬ 
ing  power  need  be  made  for  a  good  ’phone. 

One  other  factor  in  the  capability  of  an  r.f. 
amplifier  to  be  plate  modulated  properly  is  the 
necessity  for  complete  neutralization,  in  the 
case  of  triode  amplifiers.  An  imperfectly- 
neutralized  amplifier  is  likely  to  be  non-linear. 

If  the  transmitter  meets  the  requirements 
given  in  the  three  above  paragraphs,  and  if 
variations  of  plate  voltage  in  the  amplifier  to 
be  modulated  do  not  affect  the  frequency  of 
the  r.f.  oscillator,  the  amplifier  is  properly 
suited  for  plate  modulation.  Of  course,  plate 
tank  condenser  spacing  and  circuit  insulation 
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must  be  adequate  for  the  high  peak  voltages 
applied  to  the  amplifier. 

Modulation  Limit 

With  amplifier  operating  conditions  correct 
for  ’phone,  and  with  the  modulator  output 
matched  as  closely  as  possible  to  the  modulat- 
ing  impedance  of  the  r.f.  amplifier  as  described 
in  Chapter  6,  the  next  step  is  to  determine  the 
actual  percentage  of  modulation  under  normal 
operating  conditions.  The  amateur  regulations 
require  that  the  transmitter  not  be  modulated 
more  than  100%,  or  in  excess  of  its  modulation 
capability.  The  modulation  capability  depends 
upon  the  linearity  of  the  modulated  r.f.  ampli¬ 
fier  and  the  amount  of  audio  power  available 
fromthe  modulator,  and  will  be  100%  for  prop- 
erly  designed  and  adjusted  transmitters. 

For  amplitude-modulated  transmitters  (con- 
sidered  exclusively  in  this  chapter)  the  most 
satisfactory  modulation  indicator  is  a  cathode- 
ray  oscilloscope.  Continuous  checking  by 
means  of  an  oscilloscope  is  a  highly-desirable 
way  of  making  certain  that  modulation 
peaks  are  being  kept  within  the  100%  limit. 
However,  in  case  an  oscilloscope  is  not  avail¬ 
able  simpler  means  may  be  used.  For  example, 
the  plate-current  meter  of  a  Class-B  modulator 
can  be  used  as  a  modulation  indicator,  once  the 
average  meter  reading  with  100%  voice 
modulation  has  been  determined.  Making  this 
measurement  usually  will  require  an  oscillo¬ 
scope,  which  may  be  borrowed  for  the  purpose 
from  an  amateur  or  serviceman  friend,  but  the 
check  need  be  made  only  once  so  long  as  the 
operating  conditions  (r.f.  amplifier  plate  volt¬ 
age  and  current,  modulator  plate  voltage) 
remain  unchanged.  The  speech  amplifier  gain 
should  be  set  to  keep  the  modulator  plate 
current  within  the  reading  so  found. 


Fig.  1601  —  A  negative-peak  modulation-per  cent  and 
orermodulation  indicator. 


Negative-Peak  Overmodulation  Indicators 

With  perfect  100-per  cent  plate  modulation, 
the  alternating  output  voltage  of  the  modula¬ 
tor,  in  series  with  the  r.f.  amplifier  plate  supply 
d.C.  output,  reduces  the  r.f.  amplifier  plate 
voltage  to  zero  on  negative  peaks  and  increases 
it  to  twice  the  amplifier  d.c.  supply  voltage  on 
poBitive  peaks.  If  the  audio  output  voltage  is 
further  increased  (causing  overmodulation)  the 
voltage  applied  to  the  r.f.  amplifier  plate  circuit 
becomes  slightly  negative  on  negative  peaks, 
and  more  than  twice  the  d.c.  supply  voltage  on 
positive  peaks.  If  a  meter  or  other  current 
indicating  device  is  placed  in  series  with  a 
rectifier  which  allows  current  to  flow  through 
the  indicator  only  when  the  voltage  applied 
to  the  modulated  amplifier  plate  circuit  is 
negative  with  respect  to  ground,  negative 
overmodulation  peaks  will  be  indicated.  Such 
a  device  may  be  made  to  indicate  peaks  at  80  or 
90  per  cent  modulation  rather  than  above  100 
per  cent,  if  desired,  by  making  the  positive 
connection  of  the  negative-peak  indicator  to  a 
voltage-divider  point  a  few  volts  positive  with 
respect  to  ground. 

A  diagram  of  a  negative-peak  modulation 
per  cent  or  overmodulation  indicator  combin- 
ing  advantages  of  simplicity,  completeness, 
effectiveness,  and  economy,  is  given  in  Fig. 
1601.  This  unit  may  be  set  to  indicate  modula¬ 
tion  up  to  100  per  cent;  in  other  words,  to  give 
a  warning  signal  when  a  peak  of  a  predeter- 
mined  amplitude  up  to  100  per  cent  is  reached 
in  the  modulation. 

In  Fig.  1601,  Ri  is  the  bleeder  across  the 
power  supply  of  the  modulated  amplifier, 
while  Ri  is  a  potentiometer  in  parallel  with 
the  portion  of  Ri  between  ground  and  the 
adjustable  tap.  Rt  serves  two  purposes  —  that 
of  a  vernier  control  on  the  portion  of  Ri  used, 
and  that  of  a  convenient  method  of  adjusting 
from  the  front  of  panel  the  tap  from  the  audio 
transformer  primary  for  the  proper  voltage 
above  ground  on  the  modulated  amplifier  plate 
supply.  Ti  is  an  audio  transformer  with 
primary  connected  in  series  with  a  rectifier 
between  the  modulated  amplifier  B  +  con¬ 
nection  and  the  adjustable  tap  on  Rn.  The 
polarity  of  the  rectifier  tube  connections  is 
such  that  the  voltage  at  the  B  +  connection 
of  the  amplifier  must  be  negative  with  respect 
to  the  voltage  of  the  Ri  tap  to  cause  a  warning 
flash  of  the  modulation  indicator.  This  in¬ 
dicator,  a  simple  neon  bulb  with  resistor 
removed  from  the  base,  is  shown  connected 
across  the  secondary  of  the  audio  trans¬ 
former. 

If  the  tap  on  Ri  is  set  at  a  point  one-fourth 
the  distance  from  the  ground  end,  the  control 
Ri  may  be  used  to  set  the  modulation  per¬ 
centage  for  indications  at  any  value  between 
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75  and  100  per  cent.  However,  on  many  ’phone 
transmitters,  the  plate  voltage  used  for  the 
modulated  amplifier  limits  this  range,  since  the 
voltage  across  R2,  if  the  tap  on  Ri  is  set  at 
one-fourth  the  voltage  in  a  transmitter  with 
2000-volt  supply,  may  be  as  high  as  500  volts. 
Unless  a  well-insulated  potentiometer  with 
front-panel  knob  (or  a  slider-type  resistor 
mounted  on  the  back  of  the  control  panel)  is 
used,  care  must  be  taken  to  limit  the  voltage 
across  R2  to  a  value  safe  for  the  operator. 

A  suitable  rectifier  for  use  in  this  indicator 
is  an  ’81  tube,  with  filament  supplied  by  a  7.5- 
volt  transformer  having  insulation  to  stand 
more  than  doublé  the  plate  supply  voltage. 
Although  the  inverse  peak  voltage  on  the 
rectifier  tube  will  be  higher  than  rated  value, 
the  current  through  the  tube  is  so  limited  as 
to  prevent  rectifier  overload  trouble.  An 
excellent  2.5-volt  rectifier  which  may  alterna- 
tively  be  used  is  the  2X2/879. 

Modulated  Amplifier  Plate  Current 

If  the  transmitter  is  operating  properly  with 
sine-wave  modulation  up  to  100  per  cent,  the 
d.c.  plate  current  of  the  modulated  amplifier 
should  remain  absolutely  constant.  The  an¬ 
tenna  ammeter  should  show  increases  up  to 
5  per  cent  with  100-per  cent  speech  modu¬ 
lation,  or  increases  up  to  20  per  cent  with 
continuous  sinusoidal  input. 

Movement  of  the  r.f.  amplifier  plate  current 
meter  needle  downward  with  plate  modulation 
may  indicate  one  or  more  of  the  following: 

1.  Insufficiënt  excitation  to  the  modulated 
r.f.  amplifier  —  this  is  probably  the  most 
common  cause  of  “downward  modula¬ 
tion.” 

2.  Insufficiënt  grid  bias  on  the  modulated 
stage. 

3.  Wrong  load  resistance  for  Class-C  r.f. 
amplifier. 

4.  Insufficiënt  output  capacity  in  filter  of 
modulated  amplifier  plate  supply  (at 
least  a  2-microfarad  condenser  should  be 
used  at  this  point). 

5.  Heavy  overloading  of  Class-C  r.f.  ampli¬ 
fier  tube  or  tubes  (or  insufficiënt  filament 
voltage). 

Movement  of  the  modulated  amplifier  plate 
current  needle  upward  may  indicate  one  or 
more  of  the  following: 

1.  Overmodulation  (excessive  audio  power, 
audio  gain  too  great). 

2.  Incomplete  neutralization  of  the  modu¬ 
lated  amplifier. 

3.  Parasitic  oscillation  in  the  modulated 
amplifier. 

When  a  common  plate  supply  is  used  for 
both  Class-B  (or  Class  AB)  modulator  and 


modulated  r.f.  amplifier,  the  plate  curreat  of 
the  latter  may  “kick”  downward  with 
modulation  even  though  the  operating  con- 
ditions  are  correct.  This  is  traceable  to  compar- 
atively-high  power-supply  voltage  regulation; 
the  varying  additional  load  of  the  modulator 
stage  may  cause  a  drop  in  amplifier  plate 
voltage,  and  similarly  in  amplifier  plate  eur- 
rent,  of  as  much  as  15  per  cent  with  a  power 
supply  of  very  poor  regulation,  while  the 
voltage  and  current  variation  of  the  modu¬ 
lated  amplifier  should  not  exceed  5  per  cent  if 
a  high-quality  power  supply  is  used  (one  with 
regulation  of  the  order  of  10  to  15  per  cent, 
no-load  to  full-load).  Even  more  downward 
variation  of  the  modulated  amplifier  usually 
accompanies  modulation  when  a  Class-B  or 
Class-AB  modulator  and  the  r.f.  buffer  stage 
are  operated  from  the  same  power  supply. 

Downward  movement  of  the  modulated 
amplifier  plate  current  meter  with  modulation 
may  be  caused  in  high-power  transmitters  by 
poor  regulation  of  the  a.c.  supply  mains, 
even  when  a  separate  power  supply  unit  is  used 
for  the  modulator.  This  cause  of  plate-current 
variation  may  be  detected  by  a  similar  kick 
of  the  filament  voltmeters  or  of  an  a.c.  volt- 
meter  connected  across  the  a.c.  supply  wires. 

Use  of  Cathode-Ray  Oscilloscope 

The  cathode-ray  oscilloscope  —  even  a  small, 
inexpensive  one  —  is  invaluable  to  the  ’phone 
amateur  for  determining  modulation  percent¬ 
ages  with  speech  or  constant  sine-wave  input, 
for  observing  the  degree  of  linearity  obtained 
with  modulation  of  an  r.f.  amplifier,  and  for 
finding  what  audio-power  output  is  available 
from  a  modulator  without  overdriving  to 
distortion.  A  unit  offering  valuable  test  means 
at  low  cost  is  shown  in  Chapter  17. 

While  the  oscilloscope  may,  in  giving  a  single 
pattern,  teil  numerous  facts  about  the  opera- 
tion  of  a  transmitter,  and  point  (for  the  ex- 
perienced  operator)  directly  to  any  source  of 
trouble,  the  instrument  may,  unless  applied  to 
the  transmitter  with  certain  precautions  care- 
fully  taken,  give  a  pattern  of  grotesque  propor- 
tions  for  which  the  transmitter  is  really  not  to 
be  blamed.  It  sometimes  happens  that  quite 
unusual  patterns  appear  on  the  screen,  and 
therefore  the  amateur  must  learn  not  only  to 
analyze  the  modulation  characteristics  repre- 
sented  by  correctly  obtained  patterns,  but  also 
to  recognize  the  clues  which  show  whether  the 
cause  of  an  unusual  figure  lies  within  the  trans¬ 
mitter  itself,  or  whether  it  is  the  result  of 
improper  application  or  adjustment  of  the 
oscilloscope. 

Ttapezoid  vs.  Wave  Envelope 

In  general,  patterns  of  two  types  —  wave- 
envelope  and  trapezoidal  —  are  used  for 
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checking  the  performance  of  ’phone  trans¬ 
mitters.  Each  of  the  two  patterns  tells  much 
about  the  characteristics  of  the  modulated 
output  of  the  transmitter,  and  the  two  to- 
gether  give  an  even  more  complete  report  of 
the  operation.  One  large  diflerence  in  the  two 
patterns  is  the  fact  that  the  wave  envelope 
picture  is  changed  by  a  change  of  the  speech 
amplifier  input  wave,  while  the  trapezoidal 


Flg.  1603  — Wave -envelope  (left)  and  trapezoidal 
(right)  oscilloscope  patterns. 


figure  remains  essentially  constant  if  the  modu- 
lation  percentage  is  constant.  Thus,  if  an  audio" 
frequency  oscillator  with  constant  sine-wave 
output  is  used  to  feed  a  signal  into  the  audio 
system  of  the  transmitter,  the  output  pattern, 
with  proper  operation  of  the  transmitter  and 
best  adjustment  of  the  oscilloscope,  should 
resemble  one  of  the  two  patterns  of  Fig. 
1603-D.  A  change  in  either  frequency  or  wave- 
form  of  the  audio  oscillator  output  makes  a 
change  in  the  wave-envelope  pattern  (shown 
at  left  in  Fig.  1603-D),  while  the  trapezoidal 
pattern  (at  right  in  Fig.  1603-D)  is  practically 
unaffected  by  the  change.  With  the  modulation 
level  remaining  at  100  per  cent,  a  change  in 
sine-wave  frequency  makes  no  change  at  all 
and  a  change  in  wave  shape  causes  only  a 
slight  change  within  the  light  area  of  the  tri- 
angular  figure.  Because  of  this  difference  in  the 
two  patterns,  the  wave-envelope  figure  gives 
at  once  a  picture  of  the  over-all  performance  of 
the  audio  amplifier  stages,  the  modulator,  and 
the  modulated  amplifier,  since  any  distortion 
contributed  by  an  audio  amplifier  stage  changes 
the  wave  shape  of  the  modulating  signal,  and 
thus  of  the  envelope  of  the  oscilloscope  pattern. 
If  the  envelope  obtained  with  a  sine-wave  input 
is  not  sinusoidal,  it  may  be  because  of  distor¬ 
tion  in  the  audio  amplifier  or  non-linearity  of 
modulation,  or  a  combination  of  the  two  dis- 
tortions.  The  trapezoidal  figure,  on  the  other 
hand,  is  used  to  indicate  only  the  modulation 
percentage  and  linearity  of  the  modulated  r.f. 
amplifier. 

Oscilloscope  patterns  which  show  the  condi- 
tions  of  zero  r.f.  output,  and  a  carrier  with 
zero,  50-per  cent,  100-per  cent,  and  125-per 
cent  modulation,  respectively,  for  each  of  the 
two  systems  are  given  in  Fig.  1.  Bef  ore  applica- 
tion  of  the  carrier,  the  oscilloscope  connected 
for  a  wave-envelope  pattern  has  horizontal 
sweep  voltage  applied,  making  a  line  across  the 
middle  of  the  tube.  When  the  carrier  is  on,  r.f. 
voltage  applied  to  the  vertical  plates  sweeps 
the  spot  up  and  down  the  screen  as  it  moves 
across,  so  that  a  rectangular  light  area  is 
formed.  The  height  of  this  light  area  should  be 
approximately  Fi  of  the  screen  diameter. 
Now,  with  a  sine-wave  input  of  1000  cycles  and 
sweep  frequency  of  500  cycles,  patterns  similar 
to  the  sketches  at  left  of  Fig.  1603-C  and 
1603-D  should  be  obtained  with  50-  and  100- 
per  cent  modulation.  With  a  change  of  the 
audio-frequency  signal  to  2000  cycles,  or  with  a 
change  of  the  sweep  frequency  to  250  cycles, 
four  narrower  cycles  should  replace  the  two 
broad  ones  shown  in  the  sketch.  For  most 
critical  examination,  however,  the  proportions 
shown  here  usually  prove  best. 

With  the  settings  mentioned  in  the  above 
paragraph  —  500-cycle  horizontal  sweep  and 
1000-cycle  signal  — a.c.  hum  of  60  cycles  will 
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üot  be  shows  ooticeably  ia  the  oscilloscope 

pattern,  and  120-cycle  power  supply  ripple 
will  hardly  be  detected.  Thus,  a  wave-form 
closely  approaching  that  at  the  left  in  Fig. 
1603-D  may  be  obtained  from  a  carrier  having 
quite  noticeable  60-cycle  modulation  in  addi- 
tion  to  the  higher-frequency  audio  signal 
modulation.  If  the  operator  whistles  before 
the  microphone  to  provide  a  brief  and  fairly 
sinusoidal  input  signal,  and  sets  the  hori¬ 
zontal  sweep  frequency  to  make  only  two  or 
three  cycles  in  the  pattern,  he  may  be  over- 
looking  low-frequency  hum  modulation.  Thus, 
to  make  a  more  complete  test  of  the  trans- 
mitter  performance,  he  should  set  the  hori¬ 
zontal  sweep  oscillator  of  the  'scope  to  give  it 
a  sweep  frequency  of  20  or  30  cycles  and  ob- 
serve  the  pattern  resulting  with  the  gain  con- 
trol  at  normal  setting  and  no  signal  applied  to 
the  input  of  the  speech  amplifier.  If  the  oscillo¬ 
scope  pattern  is  then  that  of  the  sketch  at  left 
in  Fig.  1603-B,  the  hum  level  of  the  transmitted 
signal  is  likely  to  be  satisfactorily  low.  If  the 
number  of  cycles  (the  number  of  full  humps 
at  the  top  of  the  pattern)  is  three,  for  20-cycle 
sweep,  or  two  for  30-cycle  sweep,  the  hum 
present  is  60-cycle  hum  and  may  be  found  to 
result  from  an  ungrounded  chassis,  a  poorly 
located  tap  on  filament  resistor,  a  bad  tube,  or 
induction  from  power  lines.  If  the  number  of 
cycles  is  six  for  20-cycle  or  four  for  30-cycle 
sweep,  the  hum  is  probably  the  result  of 
insufficiënt  power-supply  filter  in  one  of  the 
plate  or  grid  power  supplies  for  a.f.  or  r.f. 
stages. 

Since  the  trapezoidal  pattern  depends  on 
audio  voltage  output  of  the  modulator  stage 
for  horizontal  sweep,  as  well  as  on  r.f.  output 
voltage  for  vertical  deflection,  the  beam  of  the 
cathode-ray  tube  is  stationary  when  the 
transmitter  plate  switches  are  open,  and  an 
intense  spot  on  the  center  of  the  screen  results. 
The  sketch  at  the  right  of  Fig.  1603-A  repre- 
sents  this  condition.  When  the  r.f.  portion  of 
the  transmitter  is  running,  unmodulated,  the 
vertical  Iine  of  Fig.  1603-B  (right)  is  formed. 
As  in  the  case  of  the  wave-envelope  pattern, 
the  height  of  the  unmodulated  figure  should  be 
approximately  the  screen  diameter.  With 
100-per  cent  modulation  the  width  of  the 
pattern  should  become  roughly  %  screen 
diameter,  and  the  shape  should  become  a  true 
triangle,  as  sketched  in  Fig.  1603-D.  With 
50-per  cent  modulation,  the  width  should  be 
half  of  the  100-per  cent  modulation  width,  and 
the  shape  should  be  the  trapezoid  of  Fig. 
1603-C. 

In  contrast  to  the  wave-envelope  pattern, 
the  trapezoidal  figure  shows  immediately 
whether  there  is  appreeiable  hum  or  noise 
modulation  of  the  carrier  before  a  signal  is 
applied  to  the  speech  amplifier  input.  Further- 


more,  since  the  figure  retains  one  general  shape, 

speech  input  to  the  audio  system  results  in  a 
clear  and  meaningful  pattern.  Herein  lies  the 
most  important  advantage  of  the  trapezoidal 
figure,  for  it  gives  a  constant  and  easily  inter- 
preted  indication  of  the  modulation  percent¬ 
age.  As  the  operator  talks,  the  figure  should 
expand  and  contract  horizontally,  reaching  a 
point  on  thehighest  peaks  of  modulation.  Dur- 
ing  the  greater  part  of  the  time  with  speech,  the 
wave-envelope  pattern  is  an  almost  meaning- 
less  jumble,  with  occasional  brief  moments  of 
appearance  as  the  form  for  sine  modulation. 
Bright,  sharp  dashes  occurring  in  a  horizontal 
line  across  the  middle  of  the  screen  usually 
indicate  modulation  at  or  above  100  per  cent, 
depending  on  their  length.  Experience  indi- 
cates  that  usually  when  these  bright  dashes 
become  noticeable,  the  carrier  is  already 
heavily  overmodulated.  Some  relief  of  this 
jumbled  pattern  of  the  wave-envelope  system 
on  speech  may  be  provided  by  use  of  either 
very  low-frequency  sweep  (with  only  a  small 
portion  of  the  sweep  voltage  cycle  carrying 
the  spot  completely  across  the  screen),  or  a 
strong  synchronizing  voltage  applied  to  the 
oscilloscope  to  control  partially  the  frequency 
of  the  horizontal  sweep  oscillator.  Neverthe- 
less,  purely  from  the  standpoint  of  a  conven- 
ient  constant  speech  indicator,  the  trapezoidal 
figure  is  much  to  be  preferred  to  the  wave- 
envelope  pattern. 

Methods  of  Connection 
The  oscilloscope  connections  for  the  wave- 
envelope  are  usually  simpler  than  those  for  the 
trapezoidal  figure,  if  the  oscilloscope  is  already 
provided  with  a  sweep  oscillator  or  an  a.c. 
transformer  winding  and  sweep  control.  The 
vertical  deflection  plates  are  coupled  to  the 
amplifier  tank  coil  or  an  antenna  coil  by  means 
of  a  1-,  2-,  or  3-turn  pickup  coil  connected  to 
the  oscilloscope  through  a  twisted-pair  line, 
and  the  position  of  the  pickup  coil  is  varied 
until  the  proper  height  of  the  vertical  deflec¬ 
tion  is  obtained  with  the  transmitter  in  normal 
operating  condition,  unmodulated.  This  com- 
pletes  the  installation  for  an  oscilloscope  pro¬ 
vided  with  60-cycle  transformer  horizontal 
sweep  supply.  This  connection  is  independent 
of  the  application  of  the  modulating  voltages 
—  it  applies  for  plate,  grid,  screen,  plate-and- 
screen,  or  suppressor-modulation  of  the  final 
amplifier.  If  a  Class-B  linear  r.f.  amplifier  is 
used  following  the  modulated  stage,  provision 
for  r.f.  pickup  from  both  the  modulated  stage 
output  and  the  output  of  the  final  amplifier 
should  be  made  —  the  pattern  from  the  out¬ 
put  of  the  final  r.f.  amplifier  must  be  regarded 
as  the  criterion  of  operation  of  the  transmitter, 
since  the  modulation  percentage  of  this  stage 
is  not  necessarily  that  of  the  modulated  stage. 
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If  the  oscilloscope  is  provided  with  a  sweep 
oscillator  and  a  terminal  for  synchronizing 
voltage,  a  connection  should  be  made  between 
the  synchronizing  terminal  and  a  grid  of  one 
of  the  first  audio  power  amplifier  tubes  in  the 
speech  amplifier  system.  To  insure  against 
upsetting  a  d.c.  circuit,  a  0.01-jifd.  tubular 
paper  condenser  should  be  connected  in  series 
with  this  lead.  Since  both  the  transmitter  and 
the  oscilloscope  should  be  grounded,  the  return 
path  for  the  synchronizing  circuit  is  automati- 
cally  completed. 

If  a  trapezoidal  pattern  is  desired  rather 
than  the  wave-envelope,  the  r.f.  input  must 
be  connected  and  adjusted  just  as  outlined  in 
the  above  paragraphs.  In  addition,  a  voltage 
divider  must  be  connected  across  the  voltage 
being  used  to  modulate  the  final  amplifier  — 
that  is,  between  ground  and  the  modulation 
connection  of  the  r.f.  amplifier;  and  a  small 
fraction  of  the  modulator  audio  output  voltage 
must  be  obtained  from  a  tap  on  this  divider. 

In  Fig.  1604-B  and  1604-C  connections  are 
given  for  obtaining  trapezoidal  patterns  from 
grid-  and  plate-modulated  r.f.  amplifiers,  re- 
spectively.  These  two  circuit  diagrams  merely 
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Fig.  1604  —  Oscilloscope  connections  for 
Trapezoidal  (B  and  C)  modulation  patterns. 


illustrate  the  connection  of  the  horizontal 
sweep  voltage  divider  between  the  modulated 
terminal  of  the  r.f.  stage  and  ground.  For 
oscilloscopes  equipped  with  internal  amplifiers 
for  the  horizontal  sweep,  it  is  desirable  to  get 
a  voltage  divider  arranged  to  supply  only 
about  5  audio  volts  between  ground  and  the 
tap,  and  to  feed  this  low  voltage  to  the  input 
of  the  horizontal  amplifier.  This  simply  makes 
possible  use  of  the  gain  control  on  the  horizon¬ 
tal  deflection  amplifier  for  adjusting  the  width 
of  the  trapezoidal  pattern.  If  such  an  amplifier 
is  not  available  in  the  oscilloscope,  the  voltage 
divider  should  be  made  conveniently  variable 
so  the  pattern  width  may  be  made  satisfactory. 
For  grid,  suppressor,  or  screen  modulation, 
resistor  Ri  of  Fig.  1604-B  (the  resistor  between 
the  modulated  post  and  the  tap  for  the  hori¬ 
zontal  sweep  voltage)  should  be  a  0.5-megohm, 
1-watt  carbon  resistor.  For  amplification  of  the 
horizontal  sweep  voltage,  resistor  Rz  should  be 
approximately  50,000  ohms  for  low-  and  me- 
dium-power  transmitters,  and  approximately 
10,000  ohms  for  high-power  transmitters. 
Not  more  than  two  trials  should  be  required  to 
determine  a  value  of  Rz  suited  for  the  oscillo¬ 
scope  used.  For  audio  voltage  to 
apply  directly  to  the  horizontal 
deflection  plates,  R«  should  be  a 
potentiometer  between  Ri  and 
ground,  with  the  connection 
from  the  oscilloscope  through 
C i  attached  to  the  moving  tap 
of  Rz.  For  high  power  transmit¬ 
ters,  the  resistance  of  this  po¬ 
tentiometer  should  be  roughly 
0.2  megohm,  for  medium-power 
transmitters  it  should  be  0.5 
megohm,  and  for  low-power 
transmitters  it  should  be  0.5 
megohm  with  resistor  R\ 
shorted  from  the  circuit  (Rz 
connected  between  ground  and 
the  modulated  terminal),  with 
the  oscilloscope  voltage  taken 
from  the  tap  of  the  potentiom¬ 
eter,  through  Ci-  The  potenti¬ 
ometer  referred  to  above  for  all 
three  of  the  cases  may  be  a 
carbon-element  volume  control 
resistor. 

The  voltage  divider  for  hori¬ 
zontal  sweep  voltage  from  a 
plate-modulated  amplifier  pre¬ 
sents  a  slightly  diSerent  prob- 
lem  from  those  just  mentioned, 
since  the  importance  of  safety 
here  should  be  given  full  regard. 
To  begin  with,  resistor  Rt  of 
Fig.  1604-C  should  be  a  0.5- 
megohm,  1-watt  carbon  resistor 
for  low-power  transmitters;  and 
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for  medium-  and  high-power  modulated  ampli- 
fiers,  should  consistof  agroup  of  series-connect- 
ed  0.5-megohm,  1-watt  carbon  resistors  —  one 
resistor  for  every  500  volts  of  the  d.c.  potential 
applied  to  the  modulated  amplifier.  Thus,  an 
amplifier  operating  with  1500-volt  d.c.  plate 
supply  would  require  three  series  resistors, 
each  having  the  specifications  given  above, 
connected  in  series.  In  any  case,  Ri  should  be 
located  within  the  modulator  unit,  so  that  the 
voltage  carried  to  the  oscilloscope  will  be 
isolated  from  the  plate  terminal  of  the  modu¬ 
lated  amplifier  by  this  high  resistance.  For 
amplified  horizontal  sweep,  the  values  of  Rz, 
all  applying  to  1-watt  carbon  resistors,  should 
be  roughly  25,000  ohms,  10,000  ohms,  and 
3000  ohms  for  low-,  medium-,  and  high-power 
modulated  amplifiers,  respectively.  For  di- 
rectly  supplying  the  deflection  voltage  to  the 
horizontal  plates,  resistor  Rz  should  be  a 
carbon-eiement  volume  control  potentiometer 
having  a  0.5-megohm,  0.1-megohm,  or  50,000- 
ohm  resistance  value,  for  low-,  medium-,  or 
high-power  transmitters,  respectively.  The 
connection  of  C<z  should  be  removed  from  the 
junction  of  Rz  and  Ri  when  Rz  is  a  variable 
resistor,  and  then  should  be  replaced  on  the 
variable  tap  of  R3. 

Troubles  in  Obtaining  Pat  ter  na 

Although  many  common  faults  in  oscillo¬ 
scope  use  are  avoided  by  careful  attention  to 
the  proper  connections  for  use  in  obtaining  a 
desired  type  of  pattern,  the  figure  appearing 
on  the  screen  of  the  cathode-ray  tube  may 
be  confusing  to  the  operator  because  of  its 
unusual  shape. 

When  the  wave-envelope  pattern  is  used, 
compression  of  each  cycle  into  too  narrow  pro- 
portions  (with  four  or  six  audio  cycles  visible 
on  the  screen  when  the  height  of  the  unmodu- 
lated  r.f.  signal  is  }/$  screen  diameter  as  rec- 
ommended  above)  causes  the  outlines  of  the 
pattern  to  become  noticeably  non-sinusoidal 
though  the  modulation  of  the  r.f.  carrier  is  in 
reality  perfectly  sinusoidal.  In  order  to  under- 
stand  this  fact,  it  must  be  remembered  that 
the  apparent  diameter  of  the  spot  on  the 
screen  is  appreciable  compared  to  the  Iength 
of  a  cycle  horizontally  across  the  screen.  This 
meaning  is  better  explained  by  the  sketch  of 
Fig.  1605.  One  audio  modulating  cycle  is 
shown  in  this  sketch,  and  the  envelope  is 
first  drawn  as  it  would  be  if  the  spot  on  the 
screen  were  only  a  fine  point  of  light.  Then, 
allowance  for  a  noticeable  spot  diameter  is  made 
for  the  positions  at  which  the  spot  travel  stops 
and  reverses,  and  the  outline  of  these  spots 
is  drawn  on  the  figure,  increasing  the  area  of 
the  modulation  pattern,  and  more  important, 
making  the  crests  of  the  wave  broader  and  the 
troughs  narrower.  It  will  be  seen  from  the 


above  that  the  cycles  of  the  wave  envelope 
should  be  spread  out  so  that  if  the  height  of 
the  modulated  pattern  nearly  Slis  the  screen, 
not  more  than  two  or  three  audio  cycles  occupy 
the  Iength  of  the  screen  area. 

A  point  given  much  emphasis  in  most  refer- 
ences  on  oscilloscope  modulation  checking  — 
and  justifiably  so  —  is  the  importance  of  ob¬ 
taining  sweep  voltage  for  a  trapezoidal  pattern 


Fig.  1605  —  Ef. 
fect  of  spot  area  on 
outline  of  wave- 
envelope  pattern. 


from  the  output  of  the  modulator  rather  than 
from  a  preceding  stage  of  the  audio  system. 
Fig.  1606  is  a  photograph  of  the  pattern  which 
resulted  when  the  sweep  voltage  for  a  trapezoi¬ 
dal  pattern  was  obtained  from  the  output  of 
the  audio  driver  stage  instead  of  the  output  of 
the  modulator. 

Figs.  1607  and  1608  are  photographs  of  a 
wave-envelope  pattern  and  corresponding 
trapezoidal  pattern  which  might  bring  to  the 


Fig.  1606  —  Pattern  showing  effect  of  phase  shift 
which  results  when  sweep  voltage  for  trapczoid  is  ob¬ 
tained  from  intermediate  speech  amplifier. 


operator’s  mind  doubtsabout  the  opera tion  of 
the  audio  system  and  the  modulated  amplifier. 
Actually,  though,  the  leaning  of  these  patterns 
is  produced  by  coupling  between  the  horizontal 
sweep  circuit  and  vertical  deflection  circuit  of 
the  oscilloscope.  An  r.f.  voltage  thus  results 
across  the  horizontal  plates,  and  this  voltage 
acts  to  carry  the  spot  a  short  distance  across 
the  screen  at.  the  same  time  that  the  higher  r.f. 
voltage  moves  it  vertieally.  The  result  is  a 
diagonal  travel  of  the  spot  with  the  r.f.  signal, 
rather  than  vertical  travel.  This  trouble  is 
most  common  with  carrier  frequencies  of  the 
14-,  28-  and  56-Mc.  bands.  Experiment  with 
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Fig.  160 7  and  Fig.  1608  —  Wave-envelope  aud  trape¬ 
zoidal  patterns  which  lean  bccause  of  r.f.  coupling  be- 
tween  vertical  and  horizontal  deflectiou  circuits. 


some  of  the  more  popular  factory-built  'scopes 
indicates  that  a  satisfactory  cure  for  this 
trouble  results  from  insertion  of  an  r.f.  choke 
(one  of  the  popular  pigtail  connection  pie- 
wound  receiving  chokes  rated  at  2.5-mh.  in- 
ductance,  125  ma.)  in  series  with  the  un- 
grounded  horizontal  deflection  plate  at  the 
base  of  the  cathode-ray  tube.  Some  manu- 
factured  models  have  external  deflection  plate 
terminals  located  near  the  Socket  for  the 
cathode-ray  tube;  apparently  these  work  satis- 
factorily  when  provided  with  an  r.f.  choke  ex¬ 
ternal  of  the  'scope  case,  mounted  by  the  pig¬ 
tail  connections  to  the  terminals. 

Another  source  of  confusing  patterns  is  r.f. 
vertical  deflection  shown  on  the  screen  of  the 
tube  when  the  plate  voltage  is  removed  from 
the  final  r.f.  amplifier.  This  may  result  from 
lack  of  neutralization  of  the  final  r.f.  ampli¬ 
fier;  in  this  respect,  the  oscilloscope  may  be 
used  as  a  convenient  and  fairly  sensitive 
neutralization  indicator.  If  the  final  amplifier  is 
properly  neutralized,  the  vertical  deflection 
may  indicate  r.f.  pickup  by  the  line  connecting 
the  pickup  coil  to  the  vertical  plates  of  the 
oscilloscope.  To  minimize  this  undesiredpickup, 
some  type  of  compact  twisted-pair  or  parallel- 
pair  line  should  be  used  for  bringing  the  r.f. 
signal  voltage  to  the  'scope.  A  third  cause  of 
the  zero-plate-voltage  r.f.  signal  on  the  oscillo¬ 
scope  is  often  troublesome  on  the  10-  and  5- 
meter  bands,  where  it  is  difficult  to  use  the 
oscilloscope  at  an  operating  position  removed 
from  the  transmitter  and  keep  the  ground 
circuits  of  the  two  at  the  same  potential.  This 
difficulty  simply  requires  experimentation  to 
remove  the  r.f.  signal  from  the  'scope  when 
the  plate  voltage  is  off  the  final  amplifier.  Figs. 
1609  and  1610  show  the  wave-envelope  and 
trapezoidal  pattern  of  an  unneutralized  modu- 
lated  r.f.  amplifier  —  very  similar  results  are 
obtained  when  r.f.  voltage  is  found  across  the 
vertical  plates  of  the  oscilloscope  for  reasons 
other  than  improper  neutralization  adjustment. 

With  the  above  difiiculties  removed  from  the 
oscilloscope  picture  of  the  transmitter  modula- 


tion,  the  patterns  of  Figs.  1611  and  1612  are 
obtained.  While  these  pictures  do  not  show 
ideal  patterns,  they  do  give  a  picture  of  the 
actual  transmitter  operation.  From  pictures 
such  as  these,  an  intelligent  start  may  be  made 
toward  obtaining  the  best  possible  performance 
of  the  equipment  at  hand. 

•  GRID-MODULATED  TRANSMITTERS 

For  best  results  with  grid-bias  modulation, 
a  few  simple  requirements  must  be  observed. 
Grid  bias  should  be  obtained  only  from  B 
batteries,  or  a  bias  supply  equipped  with  a 
low-resistance  bleeder  and  provided  with  a 
high-capacity  (4-  to  8-/ufd.)  condenser  across 
the  portion  of  the  bleeder  included  in  the  grid 
circuit  of  the  amplifier. 

Some  means  of  conveniently  varying  the  bias 
voltage,  continuously  or  in  steps,  should  pref- 
erably  be  provided.  It  is  desirable  that  the 
plate  voltage  be  the  maximum  rated  voltage 
for  the  tube.  The  r.f.  driving  power  which 
gives  best  operation  with  grid  modulation  at 
the  maximum  rated  plate  voltage  of  the  tube 
is  usually  one-fourth  to  one-half  that  required 
for  normal  telegraphy  (Class  C,  unmodulated) 
operation.  The  r.f.  grid  circuit  of  the 
modulated  amplifier  should  be  loaded  with  a 
dissipative  load,  for  which  purpose  either  a 
non-inductive  resistor  may  be  connected 
across  the  grid  tank  circuit  of  the  modulated 
amplifier  (across  the  plate  tank  circuit  of  the 
preceding  stage  if  capacity  coupling  is  used),  or 
a  lamp  bulb  may  be  connected  to  a  one-  to 
three-turn  loop  and  coupled  to  the  grid  coil  of 
the  amplifier  (to  driver  plate  coil  with  capacity 
coupling).  Some  means  should  be  provided 
for  conveniently  varying  the  amount  of  r.f. 
excitation  given  to  the  grid  of  the  modulated 
amplifier,  for  this  is  an  important  step  in  the 
process  of  adjustment  of  the  system  for  proper 
modulation. 

The  first  move  in  the  tuning-up  process  is 
application  of  the  maximum  plate  supply  volt¬ 
age  available  (within  the  rating  of  the  tube  for 
Class  C  telegraph  operation),  and  loading  and 
exciting  the  amplifier  to  the  maximum  obtain- 
able  r.f.  output  with  the  grid-bias  voltage  set 
for  cutoff  value  at  the  plate  voltage  used. 


Fig.  1609  and  1610  —  Wave-envelope  and  trapezoidal 
patterns  obtained  from  modulated  r.f.  amplifier  wbieb 
was  not  properly  neutralized. 
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Fig,  1611  and  1612  —  Patterns  obtained  from  modu- 
lated  r.f.  amplifier  with  properly  coupled  oscilioscope  — 
these  patterns  actually  show  the  nature  of  the  modu- 
iated  r.f.  output  of  the  transmitter. 

If  this  process  is  to  be  applied  to  a  pair  of 
809  tubes  in  a  push-pull  or  parallel  r.f.  ampli¬ 
fier,  for  instance,  the  full  Class-C  telegraph 
plate-voltage  rating,  750  volts,  should  be 
applied  to  the  plates.  The  grid  bias  voltage 
should  be  set  at  or  near  the  value  which  pro- 
duces  plate-current  cutoff  at  750  volts  plate 
supply;  this  bias  value  is  found  by  division  of 
the  plate  supply  voltage  by  the  amplification 

factor,  50,  of  the  triode  tubes  =  15  volts 

\  OU 

grid  bias  for  cutoff).  The  plate  current  of  the 
tubes  may  be  cut  off  by  gradual  increase  of 
bias  voltage  from  a  bias  power  pack  until  the 
plate  current  falls  to  zero  (with  no  excitation 
applied),  or  if  45-volt  battery  units  are  used 
for  bias  supply,  the  tap  nearest  —  15  volts, 
—  22}4,  should  be  used. 

With  these  plate  and  bias  voltage  settings, 
and  with  normal  r.f.  excitation  applied  to  the 
grids,  loading  of  the  tubes  by  means  of  a  dummy 
load  should  be  applied  and  increased  in  small 
steps  until  further  loading  results  in  no  further 
increase  of  r.f.  output,  and  the  plate  current 
of  the  r.f.  amplifier  should  be  noted  at  this 
point.  While  making  this  first  adjustment, 
care  should  be  used  to  operate  the  key  only  for 
short  dashes  rather  than  to  Ieave  the  trans¬ 
mitter  running  for  an  appreciable  length  of 
time,  since  this  type  of  operation  would 
greatly  overload  the  tube  or  tubes  of  the 
modulated  amplifier. 

'  Half  the  total  plate  dissipation  rating  of  the 
tube  or  tubes  used  in  the  r.f.  amplifier  to  be 
modulated  should  then  be  divided  by  the 
value  of  plate  voltage  available  when  the 
power  supply  is  lightly  loaded,  and  the  value 
obtained  should  be  multiplied  by  three  for 
finding  the  current  (in  ampères)  at  which  the 
stage  should  operate  with  grid  modulation. 
Thus,  if  the  above-mentioned  pair  of  809  tubes 
is  used  in  a  grid-modulated  r.f.  amplifier,  and 
the  full  rated  voltage  of  750  is  available  from 
the  plate  supply  when  lightly  loaded  (with 
current  drain  of  75  to  150  ma.),  then  the  total 
dissipation  of  the  tubes,  50  watts  (25  watts 
rated  dissipation  per  tube),  divided  by  750 
(plate  voltage)  yields  approximately  0.067 
ampere,  or  67  ma.  Three-halves  this  value  is 


0.100  ampere,  approx.,  or  100  ma.  This  is 
the  proper  operating  current  for  a  pair  of  809 
tubes  grid-modulated  at  750  volts. 

Now,  if  the  plate  current  which  accompanied 
greatest  obtainable  output  is  greater  than 
doublé  the  above  figure  —  thatis,  greater  than 
200  ma.  for  a  pair  of  809  tubes  —  the  excita¬ 
tion  to  the  modulated  r.f.  amplifier  should  be 
reduced,  and  the  process  of  finding  the  d.c. 
plate  current  at  greatest  obtainable  output 
should  be  repeated.  In  this  way,  the  excitation 
is  adjusted  to  give  maximum  output  of  the 
transmitter  at  doublé  the  operating  plate 
current  (with  cut-off  bias  still  applied  to  the 
r.f.  amplifier).  It  is  highly  desirable  that  the 
tuned  grid  circuit  of  the  r.f.  amplifier,  or  the 
tuned  plate  circuit  of  a  preceding  capacity- 
coupled  stage,  be  heavily  loaded  by  a  simple 
dissipative  load.  The  most  convenient  way  of 
meeting  this  requirement  is  to  provide  a  110- 
volt  lamp  bulb  connected  to  one  or  more 
turns  of  wire,  coupled  to  the  above-mentioned 
tuned  circuit.  This  method  may  also  provide 
excitation  control  of  the  modulated  amplifier, 
since  this  excitation  may  readily  be  decreased 
by  increase  of  the  lamploading,  and  the  sta- 
bility  of  the  r.f.  excitation  is  simultaneously 
increased. 

The  final  adjustment  for  modulation  is  in¬ 
crease  of  the  grid  bias  voltage  on  the  r.f. 
amplifier,  from  the  cutoff  bias  value  at  which 
adjustments  are  made,  to  the  bias  voltage  at 
which  plate  current  (with  transmitter  running) 
is  reduced  to  the  operating  value  as  obtained 
above.  For  the  pair  of  809  tubes  used  as  an 
example,  this  final  adjustment  would  be  in¬ 
crease  of  the  bias  voltage  from  approximately 
15  volts  (or  22fi  if  45-volt  batteries  are  used 
for  bias)  to  some  voltage  at  which  the  plate 
current  is  reduced  from  200  ma.  to  100  ma., 
the  operating  current  for  the  stage.  This 
proper  operating  bias  value  for  grid-modulated 
809’s  usually  is  in  the  range  between  65  and 
135  volts  (all  bias  voltages  mentioned  in  this 
paragraph  are  values  of  negative  grid  bias). 

High-Power  Grid -Modulated  ’Phone 

The  adjustment  procedure  outlined  above, 
and  applied  for  illustration  to  a  low-power 
transmitter  with  two  type  809  tubes  in  the  r.f. 
output  stage,  applies  quite  as  well  to  high- 
power  grid-modulated  transmitters. 

For  example  the  plate  voltage  for  250TH 
tubes  need  not  exceed  2000  volts  d.c.  for 
plate-modulated  ’phone  operation  up  to  1  kw. 
input,  or  2000  to  2500  volts  for  efficiënt  C.w. 
telegraph  operation,  but  the  plate  supply  volt- 
agef  or  grid  modulation  should  be  near  the  maxi¬ 
mum  rated  plate  voltage  for  the  tubes  used  — 
in  the  case  of  250TH’s,  2500  to  3000  volts  — 
for  obtaining  greatest  grid-modulated  output. 
The  lower  value,  2500  volts,  frequently  used 
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with  this  type  of  high-power  tube,  is  therefore 
quite  satisfactory  for  high-power  grid-modula- 
tion  of  the  250TH’s. 

First  step  in  adjustment,  using  250TH  tubes 
as  an  example  is  provision  of  cutoff  grid  bias 
voltage.  The  plate  voltage,  2500,  divided  by 
the  amplification  factor,  32,  sets  the  needed 
bias  voltage  at  approximately  78  volts  (any 
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Fig.  1613  —  OBcilloBcope  patterns  representing  proper 
and  improper  grid-bias  or  suppressor-grid  modulation. 
ïbe  pattern  obtained  with  a  correctly  adjusted  grid- 
bias  modulated  amplifier  is  shown  at  A.  The  other 
two  drawings  indicate  non-linear  modulation,  accom- 
panied  by  diBtortion  and  a  broad  signa). 


value  between  67  and  90  should  therefore  be 
satisfactory). 

With  the  tubes  biased  to  no-excitation  plate- 
current  cutoff,  light  excitation  is  applied  and 
the  amplifier  stage  is  more  and  more  heavily 
loaded  until  increase  of  loading  fails  to  result  in 
increased  output.  Loading  of  the  amplifier 
during  these  adjustments  should  be  by  means 
of  a  dummy  load  rather  than  an  antenna.  The 
output  of  the  transmitter  into  the  dummy  load 
may  reach  or  slightly  exceed  One  kilowatt  of 
r.f.  power,  and  accordingly  the  load  linked  to 
the  r.f.  amplifier  may  be  composed  of  two 
parallel-  or  series-connected  500-watt  lamps. 
Again  it  must  be  warned  that  the  tubes  will  be 
overheated  by  this  type  of  operation  if  pro- 
longed.  The  operator  is  therefore  compelled  to 
use  caution  in  finding  the  plate  current  at 
which  maximum  output  is  reached,  not  to  oper- 
ate  the  transmitter  longer  than  brief  dashes  — 
just  long  enough  to  make  meter  readings. 

The  rated  plate  dissipation  of  a  250TH  tube 
is  250  watts  —  of  a  pair,  500.  Division  of  the 
total  dissipation  of  the  two  tubes  by  the  oper- 
ating  plate  voltage,  2500,  gives  0.2  ampere. 
Three-halves  this  value,  0.3  ampere  or  300  ma., 


is  therefore  the  proper  operating  current  for 
the  grid-modulated  pair  of  250TH's  with  2500 
volts  plate  supply. 

If  the  output  of  the  transmitter  in  the  above 
adjustment  process  reached  a  maximum  value 
at  600  ma.  (doublé  the  proper  operating  cur¬ 
rent),  the  excitation  applied  is  approximately 
correct  for  grid  modulation  of  the  amplifier. 
This  should  be  the  stabilized  value  of  the  grid 
excitation  —  in  other  words,  a  lamp-and-loop 
or  other  stabilizing  dissipative  load  should  be 
coupled  to  the  grid  tank  circuit  of  the  final  r.f. 
amplifier  during  the  test  to  determine  the  cor¬ 
rect  amount  of  r.f.  excitation.  If  the  maximum 
output  is  reached  at  a  loading  accompanied  by 
much  greater  plate  current  than  600  ma.,  the 
excitation  to  the  r.f.  amplifier  should  be  re- 
duced,  either  by  increase  of  the  power  dissi- 
pated  in  the  excitation-stabilizing  lamp  or  by 
decrease  of  the  buffer  loading. 

With  correct  excitation  applied  to  the  final 
r.f.  amplifier,  the  grid  bias  is  then  increased 
until  the  plate  current  reaches  the  operating 
value,  300  ma.  Since  the  operating  bias  of  the 
r.f.  amplifier  may  be  as  high  as  400  volts, 
rectifier-filter  power  supply  should  be  used 
rather  than  battery  bias. 

Oscilloscope  patterns  representing  different 
conditions  in  the  grid-modulated  amplifier  are 
shown  in  Fig.  1613.  The  cathode-ray  oscillo¬ 
scope,  a  very  useful  instrument  for  use  with  a 
plate-modulated  transmitter,  is  an  even  more 
useful  and  desirable  instrument  for  adjustment 
and  operation  of  a  grid-modulated  'phone. 

Correct  Grid  Modulation 

With  no  audio  signal  applied,  the  efficiency 
of  the  grid-modulated  amplifier,  properly 
adjusted,  is  approximately  30  per  cent.  On 
positive  modulation  peaks,  the  efficiency  be- 
comes  approximately  60  per  cent  and  the  in- 
stantaneous  value  of  peak  plate  supply  current 
is  approximately  doublé  the  no-signal  value. 
Hence,  with  the  plate  supply  voltage  remain- 
ing  constant  through  an  audio  cycle,  the  peak 
power  output  of  the  modulated  amplifier  is 
approximately  four  times  the  normal  carrier, 
as  required  for  proper  modulation.  On  the 
opposite  (negative)  peak  of  the  audio  cycle, 
the  instantaneous  value  of  plate  current  be- 
comes  zero  (provided  proper  adjustment  with 
stable  excitation  is  used)  and  the  output  falls  to 
zero.  The  average  efficiency  of  the  grid-modu¬ 
lated  amplifier  is  lowest  with  no  modulation, 
and  rises  noticeably  with  100-per  cent  modu¬ 
lation.  The  limit  of  the  power  input  to  3/2 
times  the  total  plate  dissipation  of  the  stage  is 
based  on  the  no-modulation  efficiency. 

When  tone  modulation  is  applied,  it  should 
be  possible  to  cause  the  antenna  current  to 
increase  and  the  plate  current  to  rise  simul- 
taneously.  This  is  not  the  operating  condi- 
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tion  for  speech  modulation,  however.  With 
speech  modulation  the  antenna  current  should 
show  rise  of  not  more  than  5  per  cent  on  peaks, 
while  the  plate  current  of  the  amplifier  should 
do  no  more  than  flicker.  Inability  to  obtain  an¬ 
tenna  current  rise  with  test  modulation  shows 
that  the  positive  peaks  are  being  flattened  off 
as  shown  in  1613-B.  This  figure  shows  oscillo- 
graph  patterns  for  both  audio-frequency  a.c. 
sweep  (left)  and  synchronized  linear  sweep 
(right).  If  the  antenna  current  cannot  be  made 
to  rise,  either  there  is  insufficiënt  audio  modu¬ 
lation  available,  or  the  modulation  character- 
istie  is  flattening  equally  on  positive  and  nega- 
tive  peaks,  as  shown  in  Fig.  1613-C.  The  latter 
should  be  corrected  by  adjustment  of  coupling 
to  the  antenna  and  variation  of  the  r.f.  excita- 
tion.  The  amplifier  should  not  be  adjusted  for 
maximum  carrier  efficiency.  In  fact,  for  proper 
modulation  the  antenna  loading  will  be  some- 
what  greater  than  is  ordinarily  the  case,  the 
efficiency  being  necessarily  reduced  to  obtain 
linear  modulation. 

The  plate  current  should  be  practieally 
steady  at  a  fixed  value  either  with  or  without 
modulation,  although  a  slight  upward  kick 
(not  more  than  5  per  cent)  is  permissible  on 
modulation  peaks.  If  there  is  a  downward  kick 
in  plate  current  or  a  pronounced  upward  kick, 
one  or  more  of  the  following  may  be  the  cause, 
in  addition  to  improper  neutralization  and  the 
possibility  of  parasitic  oscillations: 

Downward  kick:  Too  much  r.f.  excitation; 
insufficiënt  operating  bias;  distortion  in  modu¬ 
lator  or  speech  amplifier;  too-high  resistance  in 
bias  supply;  insufficiënt  output  capacity  in 
plate-supply  filter  to  modulated  amplifier;  am¬ 
plifier  plate  circuit  not  loaded  heavily  enough; 
plate-circuit  efficiency  too  high  under  carrier 
conditions. 

Upward  kick:  Overmodulation  (excessive 
audio  voltage);  distortion  in  audio  system;  re- 
generation  because  of  incomplete  neutraliza¬ 
tion;  operating  grid  bias  too  high. 

A  downward  kick  in  plate  current  will  ac- 
company  an  oseilloscope  pattern  like  that  of 
Fig.  1613-B;  the  pattern  with  an  upward  kick 
will  look  like  Fig.  1613-A  with  the  shaded 
portion  extending  farther  to  the  right  and 
above  the  carrier,  for  the  “wedge”  pattern. 

The  source  of  grid  bias  should  have  low 
internal  resistance  so  that  when  the  grid  cur¬ 
rent  varies  with  modulation  there  will  not  be 
an  appreeiable  shift  in  the  operating  grid  bias. 
A  regulated  bias  supply  of  the  type  shown 
in  Chapter  11  is  recommended  for  grid- 
modulated  amplifiers. 

•  ADJUSTMENT  OF  SUPPRESSOR- MODU¬ 
LATED  AMPLIFIERS 

The  operating  principles  in  suppressor-mod- 
ulation  of  a  pentode  r.f.  amplifier  are  identical 


with  those  described  for  grid-biaa  modulation. 
Adjustments  are  somewhat  simpler,  however, 
because  the  bias  on  the  suppressor  grid  can  be 
adjusted  independently  of  bias  and  excitation 
to  the  control  grid.  Except  for  suppressor  bias, 
the  tube  should  be  operated  under  the  same 
conditions  as  for  c.w.  telegraph  service,  al¬ 
though  it  is  sometimes  beneficial  to  supply 
somewhat  more  excitation  when  suppressor 
modulation  is  to  be  applied. 

To  set  the  operating  conditions,  adjust  the 
amplifier  for  maximum  output  at  rated  maxi¬ 
mum  input,  using  the  maximum  positive 
recommended  suppressor  bias.  Then  apply 
negative  bias  to  the  suppressor,  adjusting  its 
value  until  the  antenna  current  drops  to  half 
the  figure  obtained  under  maximum  condi¬ 
tions.  Simultaneously,  the  plate  current  also 
should  drop  to  half  its  maximum  value.  The 
amplifier  is  then  ready  for  modulation.  Should 
the  plate  current  not  follow  the  antenna  cur¬ 
rent  in  the  same  proportion  when  the  suppres¬ 
sor  bias  is  made  negative,  the  loading  and  ex¬ 
citation  should  be  readjusted  to  make  them 
coincide. 

The  oseilloscope  patterns  of  Fig.  1613  are 
typical  of  suppressor  modulation. 

•  ADJUSTMENT  OF  CATHODE-MODU- 

LATED  AMPLIFIERS 

As  explained  in  Chapter  6,  cathode  modula¬ 
tion  is  a  combination  of  grid-bias  and  plate 
modulation.  In  most  respects  the  adjustment 
procedure  is  similar  to  that  for  grid-bias 
modulation;  that  is,  the  critical  adjustments 
are  those  of  antenna  loading,  grid  bias,  and 
excitation.  The  proportion  of  grid-bias  to  plate 
modulation  will  determine  the  operating  con¬ 
ditions;  obviously  no  completely  definite  pro¬ 
cedure  can  be  given  when  these  quantities  are 
variable. 

The  operating  conditions  are  best  set  with 
the  aid  of  an  oseilloscope.  With  proper  antenna 
loading  and  excitation,  the  normal  wedge- 
shaped  pattern  will  be  obtained  at  100%  mod¬ 
ulation.  As  in  the  case  of  grid-bias  modulation 
too-light  antenna  loading  will  cause  flattening 
of  the  up-peaks  of  modulation  (downward  mod¬ 
ulation),  as  will  also  too-high  excitation.  The 
antenna  loading  should  be  adjusted  to  the 
point  where  a  further  increase  in  loading  causes 
a  decrease  in  antenna  current.  The  cathode 
current  will  be  practieally  constant  under 
100%  modulation  when  the  proper  operating 
conditions  are  reached. 

The  cathode  circuit  of  the  modulated  stage 
must  be  independent  of  other  stages  in  the 
transmitter;  that  is,  when  filament-type  tubes 
are  modulated  they  must  be  supplied  from  a 
separate  filament  transformer.  The  filament 
by-pass  condensers  should  not  be  larger  than 
about  0.002  ^fd.,  to  avoid  by-passing  the  audio. 
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•  ’PHONE  BROADCAST  INTERFERENCE 

Ordinarily,  broadcast  interference  by  a 
’phone  station  may  be  attributed  to  one  or 
more  of  five  causes,  as  listed  below: 

1.  Overmodulation,  or  lack  of  neutralization 
of  modulated  amplifier.  Sucb  operation  is 
illegal  to  begin  with,  even  in  absence  of  re- 
ported  b.c.  interference.  It  is  readily  detected 
by  monitoring  the  transmissions,  and  by 
effects  on  the  instruments  in  the  station. 

2.  Direct  image  interference.  This  type  of 
interference,  nearly  always  accompanying 
medium-  or  high-power  160-meter  ’phone  oper¬ 
ation,  and  capable  of  long  distance  reception, 
is  one  of  the  most  common  types.  Small  4-,  5-, 
and  6-tube  superheterodynes  —  particularly 
those  without  tuned  r.f.  amplifier  preceding 
first  detector  —  are  nearly  always  susceptible 
to  this  type  of  interference,  and  some  of  the 
larger  sets  are  similarly  troubled  because  of 
inadequate  shielding. 

3.  Reception  by  superheterodyne  receivers 
because  of  mixing  of  signal  input  with  second, 
third,  and  higher  harmonies  as  well  as  the 
fundamental  output  of  the  receiver  high- 
frequency  oscillator.  Like  the  trouble  men- 
tioned  in  the  paragraph  above,  this  type  of 
interference  lies  within  the  function  of  the 
broadcast  receiver,  and  correction  properly 
should  be  made  there.  This  type  of  interference 
occurs  with  160-  and  80-meter  operation,  and 
sometimes  even  with  20-meter  signals. 

4.  Whereas  the  second  and  third  listed  types 
of  interference  often  accompany  operation  in 
the  two  low-frequency  amateur  bands,  a 
fourth  interference  cause  —  direct  rectification 
of  the  transmitted  signal  in  the  receiver  second 
detector  (or  the  detector  of  a  t.r.f.  set)  — 
most  frequently  results  from  10-  and  5-meter 
’phone  operation,  with  occasional  cases  of  20-, 
80-,  and  160-meter  interference  in  addition, 
Broadcast  receiver  tuning  usually  has  little 
effect  on  reception  of  the  amateur  station  in 
this  manner.  Cure  of  this  interference  is  al- 
most  entirely  limited  to  additional  shielding  of 
exposed  grid-caps,  grid  wires,  coils,  chassis 
bottoms,  or  other  exposed  points  in  the 
receiver. 

5.  A  cause  of  broadcast  interference  which 
becomes  less  common  as  receiver  design  tech- 
nique  advances  is  known  as  “cross  modula- 
tion.”  This  interference  results  when  the  oper- 
ating  point  of  the  input  tube  of  a  receiver  is 
varied  with  the  modulation  of  the  strong  r.f. 
field  produced  at  the  receiver  by  the  amateur 
’phone  transmitter.  This  cause  of  interference 
is  recognized  at  once  when  modulation  of  the 
amateur  station  appears  each  time  a  broadcast 
station  is  tuned  in  (there  is  usually  no  inter- 
ference  of  this  type  between  stations).  For 
removal  of  this  trouble  from  broadcast  re¬ 


ceivers,  some  type  of  filter  —  a  wave-trap  if  the 
amateur  transmitter  interferes  when  operated 
on  one  frequency  only;  a  small  r.f.  choke  in 
series  with  the  b.c.  receiving  antenna  lead-in, 
if  the  latter  does  not  result  in  too  much  de- 
crease  of  b.c.  reception;  or  a  low-pass  filter 
(as  described  in  Chapter  15)  in  series  with 
the  antenna  —  is  almost  always  the  best  cure. 

Since  interference  of  the  types  listed  second 
and  third  above  are  quite  common,  largely  due 
to  the  present  predominance  of  very  low  qual- 
ity,  cheap,  small  broadcast  receivers,  a  table 
showing  the  broadcast  frequenties  to  which 
such  a  set  with  Standard  455-kc.  intermediate 
frequency  may  be  tuned  when  interference  of 
these  types  occurs  is  given  below.  If  attempts 
to  remove  such  interference  by  shielding  the 
receivers  affected  are  unsuccessful,  it  is  some¬ 
times  helpful  to  choose  a  nearby  frequency 
which  does  not  produce  interference  of  these 
types  at  frequencies  of  the  vicinity’s  more 
popular  broadcast  stations. 

In  all  cases  of  broadcast  interference,  it  is 
the  duty  of  the  radio  amateur  to  be  as  helpful 
as  possible  to  the  broadcast  listener  in  at- 
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2000 

1800  ko. 

772.5 

1227.5 

2455 

2000 

1267.5 

1722.5 

2nd  Harmonie 
3445 

3900 

1317.5 

1772.5 

3545 

4000 

693 

1148 

3rd  Harmonie 
3444 

3900 

727 

1182 

3546 

4000 

997 

1452 

3rd  Harmonie 
4356 

3900 

1030 

1485 

4455 

4000 

1257 

1712 

8th  Harmonie 
13696 

14150 

1269 

1724 

13792 

14250 

1371 

1826 

8th  Harmonie 
14608 

14150 

1383 

1838 

14704 

14250 

tempting  to  eliminate  or  reduce  the  interfer¬ 
ence,  even  though  the  b.c.  receiver  be  at  fault, 
Some  explanation  of  the  cause  of  trouble,  to- 
gether  with  helpful  suggestions  and  willingness 
to  coöperate,  often  go  far  in  maintaining  peace- 
ful  relations  with  neighbors. 

•  MODULATION  TROUBLES 

Most  of  the  common  troubles  in  obtaining 
proper  modulation  have  already  been  de¬ 
scribed.  There  are  also  a  few  which  are  not 
directly  tied  up  with  adjustment  of  the  r.f. 
amplifier  and  modulator,  but  have  to  do  with 
equipment  operation.  A  common  one  —  prob- 
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ably  beoause  plate  modulation,  usually  by 

means  of  a  Class-B  modulator  and  often  by 
a  Class-AB  modulator,  is  used  by  many  more 
amateurs  than  are  otherforms  of  modulation  — 
is  an  entirely  unnecessary  but  nevertheless 
disastrous  occurrence  in  high-power  modula¬ 
tors.  This  trouble  —  destruction  of  a  modulator 
output  transformer,  modulator  tube,  or  wiring 
of  the  modulator  output  circuit  —  is  the  result 
of  applying  speech  input  to  the  modulator  system 
with  no  load  on  the  modulator. 

Four  precautions  against  this  trouble  make 
it  a  totally  unwarranted  loss  of  oftehtimes 
expensive  amateur  transmitting  gear.  The 
first  of  these,  obviously,  is  the  exercise  of  cau- 
tion  to  note  that  the  modulated  amplifier  is 
working  properly  at  normal  d.c.  plate  current 
before  the  modulator  is  operated.  The  second 
is  provision,  in  elaborate  and  expensive  trans- 
mitters,  of  an  underload  relay  whose  contacts, 
in  series  with  the  primary  circuit  of  the 
modulator  plate  supply,  are  held  closed  during 
’phone  operation  by  adequate  operating  cur¬ 
rent  of  the  modulated  amplifier,  and  thus,  a 
normal  modulator  load.  Third,  a  simple  and 
inexpensive  precaution  is  provision  of  a  spark 
gap  across  the  secondary  output  terminals  of 
the  modulation  transformer.  Such  a  gap  may 
be  made  of  two  pieces  of  stifi  wire  attached 
rigidly  to  the  output  connections,  with  ends 
failing  to  meet  by  a  gap  of  a  small  fraction  of 
an  inch,  dependent  on  the  modulator  output 
voltage.  The  gap  spacing  is  determined  by  a 
trial  and  error  process.  If  the  modulator  output 
modulates  an  r.f.  amplifier  input  power  of  one- 
half  to  one  kilowatt,  a  gap  of  the  order  of 
inch  should  be  used  for  the  first  test,  If  the 
heaviest  modulation  ordinarily  used  fails  to 
break  down  this  gap,  it  should  be  shortened 
until  it  just  breaks  with  100-per  cent  modula¬ 
tion.  The  spacing  of  the  gap  should  then  be 
approximately  doubled.  An  eighth-inch  or 
smaller  gap  may  be  used  at  the  outset  of  the 
spacing  test  with  medium  and  lower  power 
transmitters.  Spacing  of  the  gap  is  of  course 
varied  by  light  bending  of  the  wires  forming  it. 

The  fourth  precaution  is  a  very  practical 
and  simple  rule  to  remember:  Downward 
movement  of  the  plate  current  meter  of  a  Class 
B  or  Class  AB  modulator  with  application  of 
speech  usually  indicates  that  the  load  has  been 
removed  from  the  transformer  secondary.  I.ess 
often,  downward  modulation  of  the  modulator 
plate  current  indicates  that  the  modulator  d.c. 
grid  circuit  is  open  or  high-resistance.  Thus,  if 
application  of  speech  input  to  a  modulation 
system  causes  the  modulator  plate  current  to 
decrease,  seek  the  source  of  trouble  before 
further  attempting  to  modulate. 

R.F.  Feedback  into  Speech  Amplifier 

In  the  great  majority  of  cases  where  high- 


gain  speech  amplifier  and  modulator  systems 

are  coupled  to  medium-  and  high-power  trans¬ 
mitters,  feedback,  and  an  audio  “whistle” 
result  when  the  gain  control  is  advanced.  This 
is  usually  due  to  detection  by  the  first  speech 
amplifier  tube  of  r.f.  voltage  at  the  grid  of  this 
tube  because  of  the  strong  transmitter  field 
in  which  the  speech  amplifier  is  operated. 
Of  several  steps  which  may  be  taken  to  avoid 
or  minimize  this  rectified  r.f.  feedback,  a  few 
of  great  importance  are  listed  below: 

1.  Preferably,  the  input  stage  may  be 
balanced  (push-pull),  as  the  two  grids  are 
about  equally  exposed  to  the  r.f.  field,  and  the 
detected  r.f.  signals  from  the  two  cancel. 

2.  Whether  the  input  stage  is  single-tube  or 
push-pull,  the  grid  circuit  should  be  thoroughly 
shielded.  A  box  which  completely  encloses 
microphone  jack,  grid  circuit  resistors  and 
condensers,  and  input  tube  is  advantageous; 
though  separate  shields  for  mike  jack,  resistors 
and  condensers,  and  tube  or  tubes  may  be 
used.  The  Jatter  may  consist  simply  of  the 
grounded  metal  shell  of  such  a  tube  as  a  6J7  or 

.  6SJ7.  The  latter  of  these  types  is  greatly  pre- 
ferred  for  metal  chassis  construction  since  the 
grid  connection  may  be  kept  within  the  shield 
formed  by  the  chassis. 

3.  Placement  of  the  speech  amplifier  —  par- 
ticularly  of  the  first  two  stages  —  is  very 
important.  The  worst  conceivable  position  for 
this  portion  of  the  speech  amplifier  is  in  the 
immediate  vicinity  of  a  final  r.f.  amplifier  plate 
tank  coil.  Also  undesirable,  especially  when 
a  transformer  is  used  for  microphone  or  first- 
to-second  stage  coupling,  is  Iocation  of  the 
speech  amplifier  too  near  transmitter  power 
8upplies.  Indeed,  it  is  desirable  to  have  the 
small  power  supply  for  the  speech  amplifier 
itself  located  as  far  from  any  microphone  or 
other  low-level  audio-coupling  transformer  as 
conveniently  possible.  If  very  high  gain  is 
desired  from  the  audio  system,  it  will  be  found 
advantageous  to  build  the  speech  amplifier 
stages  into  a  metal  cabinet  and  place  this  unit 
at  a  distance  of  several  feet  from  the  remaining 
transmitter  units.  A  500-  or  200-ohm  line  may 
be  used  with  appropriate  transformers  for 
coupling  with  this  arrangement. 

If  hum  or  r.f. -audio  feedback  is  found  diffi- 
cult  to  eliminate,  points  of  importance  may  be 
found  by  operating  the  transmitter  carrier 
first,  monitoring  it  to  be  certain  that  the  hum 
or  noise  doesn’t  originate  with  the  r.f.  stages 
and  power  supplies.  When  the  operator  has 
found  that  the  r.f.  system  itself  is  well  behaved, 
he  may  apply  plate  voltage  to  the  modulator, 
the  audio  driver,  and  to  the  speech  amplifier 
stages  in  turn  from  the  driver  to  the  first 
amplifier.  In  this  way,  stages  responsible  for 
undesired  noise  in  the  transmitter  modulation 
readily  may  be  found. 
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Measurements  and  Measuring 
Equipment 

Instruments  for  Checking  Frequency  and  Modulation  — 
Monitors  for  Code  and  ’Phone  Transmission  —  Audio 
and  R.F.  Signal  Generators  —  Field- Strength 
Meters  —  D.C.,  A.C. ,  and  R.F.  Volt- 
meters  —  OscAlloscopes 


The  proper  operation  of  all  but  the  very 
simplest  of  transmitters  and  receivers  calls  for 
the  use  of  a  certain  number  of  instruments  of 
various  types.  While  the  amateur  station  can 
be  operated  successfully  with  nothing  more 
than  a  means  for  checking  transmitter  plate 
input  and  frequency  —  and  for  proper  mod- 
ulation,  in  the  case  of  a  ’phone  transmitter  — 
the  Progressive  amateur  is  interested  in  instru¬ 
ments  and  measurements  as  an  aid  to  better 
performance.  The  measure  of  the  perfection 
of  an  amateur  station,  once  a  satisfactory 
transmitter  and  receiver  have  been  provided, 
is  the  extent  and  utility  of  the  auxiliary  meas- 
uring  and  checking  apparatus  provided. 

•  THE  AMATEUR’S  LABORATORY 

The  following  is  a  list  of  instruments  which 
every  amateur  might  well  include  in  his  equip¬ 
ment: 

Absorption  frequency  meter. 

Heterodyne  frequency  meter  and  signal 
generator. 

100-kc.  Standard. 

Field-strength  meter. 

Audio  oscillator. 

Cathode-ray  oscüloscope. 

Multi-range  voltmeter. 

Ohmmeter. 

Vacuum-tube  voltmeter. 

An  assortment  of  milliammeters  is  desirable, 
as  are  neon  bulbs  and  flashlight  bulbs  with 
pick-up  coils,  for  transmitter  adjustment. 
Ordinary  light  bulbs  of  various  sizes  with  at- 
tached  flexible  leads  should  be  at  hand  to 
make  power  output  comparisons. 

Representative  instruments  from  the  above 
list  will  be  described  in  this  chapter.  Some 
can  profitably  be  combined  into  multi-purpose 
instruments;  the  manner  and  extent  to  which 
this  is  done  is  left  to  the  ingenuity  of  the  indi- 
vidual  amateur.  It  should  be  realized,  however, 
that  multi-purpose  equipment  is  never  as 
useful  aa  its  equivalent  in  separate  instruments, 
and  the  latter  are  nearly  always  to  be  preferred. 


•  FREQUENCY  MEASUREMENTS 

Dependable  frequency-measuring  gear  is  de¬ 
sirable  in  the  amateur  station  for  several 
closely-related  purposes : 

To  insure  that  the  transmitter  is  operated  in 
the  desired  frequency  band; 

To  set  the  transmitter  to  a  desired  frequency 
(if  a  self-controlled  oscillator  is  used) ; 

To  determine  the  frequency  of  a  received  sta¬ 
tion,  or  to  calibrate  a  receiver; 

To  determine  the  harmonie  at  which  a  fre¬ 
quency  multiplier  stage  operates; 

To  determine  whether  the  harmonie  output  of 
a  transmitter  is  objectionably  strong. 

Section  12.135  of  the  F.C.C.  Regulations 
states:  “The  licensee  of  an  amateur  station 
shall  provide  for  measurement  of  the  transmit- 


Fig.  1701  —  Simple  absorption  frequency  meter.  A 
coil  gocket  —  a  condenser  —  a  dial  plate  mounted  on  an 
insulating  disc  which  alao  serves  as  a  handle  —  a  flash¬ 
light  bulb  on  a  bracket  —  and  a  set  of  coils.  Indispensa- 
ble  for  identifying  harmonies,  locating  parasitics,  check¬ 
ing  oscillators. 

Coil  formg  are  cut  down  close  to  the  winding  to 
facilitate  tight  coupling  when  necessary. 
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ter  frequency  and  establish  procedure  for 
checking  it  regularly.  The  measurement  of  the 
transmitter  frequency  shall  be  made  by  means 
independent  of  the  frequency  control  of  the 
transmitter  and  shall  be  of  sufficiënt  accuracy 
to  assure  operation  within  the  frequency  band 
used.” 

In  the  absence  of  more  elaborate  frequency- 
measuring  equipment,  the  receiver  (with  an¬ 
tenna  disconnected)  may  be  used  to  give  at 
least  some  idea  of  transmitter  frequency.  To 
do  this  it  is  necessary  to  calibrate  the  receiver 
dial  settings  in  terms  of  frequency  if  it  is  not 
already  so  calibrated.  Some  idea  of  band  lim- 
its  can  be  obtained  by  listening  to  other  ama¬ 
teur  stations,  noting  where  amateur  activity 
stops  at  each  end  of  the  band. 

If  operation  near  a  band  edge  is  contem- 
plated,  however,  the  above  quoted  amateur 
regulation  requires  a  more  precise  frequency 
checking  method.  If  the  receiver  is  well  made 
and  has  good  inherent  stability,  a  band-spread 
dial  calibration  may  be  relied  on  to  within  per- 
haps  0.2  or  0.3  per  cent.  Some  manufactured 
models  having  factory  calibration  may  be 
used  to  even  closer  limits. 

The  transmitter  frequency  can  be  checked 
by  listening  in  the  receiver  to  the  oscillator 
alone,  with  r.f.  power  amplifier  turned  off,  if 
the  signal  is  too  strong  and  blocks  the  receiver. 

In  one  respect  the  transmitter  frequency 
check  provided  by  a  calibrated  receiver  is  in- 


LINE 


Fig.  1 7 02  —  Simple  absorption  frequency  meter  cir¬ 
cuit  at  left  ia  used  cbiefly  in  tranamitter  work,  with  link 
line  to  circuit  being  cbecked. 

Circuit  at  right  has  bulb  indicator  looaely  coupled  to 
tuned  circuit,  giving  aharper  resonance  poiut  for  fre¬ 
quency  checking,  etc. 

B  —  1.4-voIt  SO-ma.  dial  light. 

C  —  150-ggfd.  variable  (Cardwell  MR-150-BS). 

L  —  Coila  covering  high-frequency  spectrum  with 
overlapping  ranges,  wound  on  1^2 -inch  dia.  forms. 


Freq .  Range 

IFire  Size 

No.  of 
Tums 

Length  of 
Winding 

Link  1 

1.1-3.0  Mc. 

No.  28  e. 

81  % 

W' 

17  t. 

2.5-6.0  Mc. 

No.  24  t. 

37M 

m" 

11  t. 

4.5-12  Mc. 

No.  20  t. 

UH 

W' 

6  t. 

7.5-20  Mc. 

No.  16  t. 

8H 

4  t. 

(The  above  coila  are  availahle  in  commercial  form, 
completely  wound:  Hammarlund  SWK-4.) 

25-70  Mc.  No.  16  t.  2%  1"  2 1. 

40-100  Mc.  No.  16 1.  %  —  %  t* 

1  Cloeewound,  No.  30  d.a.c.,  i^-iach  from  bottom  end 
of  primary  winding. 


adequate.  Usually,  even  the  oscillator  stage  of 
a  multi-stage  transmitter  will  be  heard  with 
the  receiver  tuned  not  only  to  the  fundamental 
output  frequency,  but  to  a  harmonie  as  well. 
Often  a  sensitive  superheterodyne  receiver 
will  receive  three  or  four  harmonies  of  a  trans¬ 
mitter,  all  with  noticeably  high  signal  strength. 
In  order  to  determine  which  is  the  fundamental 
output  frequency  of  the  transmitter,  and  on 
what  harmonies  the  frequency  multiplier 
stages  are  operated,  an  absorption  frequency 
meter  should  be  used. 

•  ABSORPTION  FREQUENCY  METERS 

The  simplest  type  of  frequency  meter  con- 
sists  of  a  coil  and  condenser,  tunable  over  the 
frequency  range  desired.  A  frequency  meter  of 
this  type,  when  tuned  to  the  frequency  of  the 
transmitter  and  loosely  coupled  to  the  tank 
coil,  will  extract  a  small  amount  of  energy 
from  the  tank.  The  energy  thus  extracted  can 
be  used  to  light  a  small  flashlight  lamp.  Maxi¬ 
mum  current  will  flow  in  the  lamp  when  the 
frequency  meter  is  tuned  exactly  to  the  trans¬ 
mitter  frequency,  hence  the  brightness  of  the 
lamp  indicates  resonance.  A  more  accurate 
indication  may  be  obtained  by  substitution  of 
a  thermo-galvanometer  for  the  lamp.  Better 
yet,  a  vacuum-tube  voltmeter  can  be  used  as 
the  indicator.  Although  this  type  of  frequency 
meter  is  not  well  adapted  to  precise  measurement 
of  frequency,  it  is  useful  in  a  variety  of  ways. 

Figs.  1701-02  show  a  simple  absorption  fre¬ 
quency  meter  with  a  iink-coupled  flashlight 
bulb  as  resonance  indicator.  Commercial  coils 
can  be  used  for  the  lower  frequency  ranges, 
simplifying  construction.  Overlapping  tuning 
ranges  cover  the  entire  scale  from  broadcast 
band  to  ultra-high  frequencies. 

Figs.  1703-04  show  an  absorption-type  fre¬ 
quency  meter  equipped  with  a  diode-rectifier 
vacuum-tube  voltmeter  as  an  indicator.  The 
sensitivity  of  the  indicator  depends  on  the 
range  of  the  meter.  Any  instrument  from 
0-200  microamperes  up  may  be  used,  with  0-1 
ma.  a  good  range  for  average  amateur  work. 

Calibration  of  the  absorption  frequency 
meter  calls  for  a  receiver  of  the  regenerative 
type  to  which  the  coil  in  the  meter  can  be 
coupled.  With  the  detector  oscillating  weakly, 
the  frequency  meter  should  be  brought  near 
the  detector  coil  and  tuned  over  its  range  until 
a  setting  is  found  which  causes  the  detector  to 
stop  oscillating.  The  coupling  between  meter 
and  receiver  should  then  be  loosened  until  the 
stoppage  of  oscillations  occurs  at  only  one  spot 
on  the  meter  tuning  dial.  The  meter  is  then 
tuned  to  the  frequency  at  which  the  receiver  is 
set.  If  the  receiver  is  set  on  several  stations  of 
known  frequency,  a  number  of  points  for  a 
calibration  curve  can  be  obtained  for  each 
frequency-meter  coil. 


246  CHAPTER  SEVENTEEN 


Measurements  and  Measuring  Equipment 


Fig.  1703  —  Absorption  frequency  me¬ 
ter  with  vacuum. tube  voltmeter  reso- 
nance  indicator.  Plug-in  coils  cover  the 
range  of  approximatcly  170  kc.  to  60 
Mc.  A  dial  reading  to  1  part  in  1000 
affords  over-all  calibration  precision  of 
about  0.25  per  cent. 


The  absorption  frequency  meter  is  particu- 
larly  useful  for  checking  the  tuning  of  a  trans- 
mitter  stage  (to  insure  that  the  stage  is  not 
tuned  to  a  harmonie  instead  of  the  desired 
frequency,  for  instance),  for  determining  the 
frequency  of  parasitic  oscillations  in  the  trans- 
mitter,  and  for  finding  the  frequency  range 
covered  by  various  oscillators. 

For  transmitter  checking,  a  flashlight  lamp 
or  other  indicator  is  not  entirely  necessary, 
since  resonance  will  be  indicated  by  a  flicker  in 
plate  current  of  the  stage  being  checked  as  the 
meter  is  tuned  through  resonance. 

The  absorption  frequency  meter  can  also  be 
used  for  comparative  measurements  of  trans¬ 
mitter  harmonie  output  under  various  adjust- 
ments.  The  vacuum-tube  voltmeter  indicator 
is  especially  useful  in  this  connection,  since  the 
meter  readings  will  be  approximately  propor- 
tional  to  voltage,  if  distance  is  held  constant. 


Heterodyne  Frequency  Meter 

For  more  accurate  measurement  of  trans¬ 
mitter  frequency,  a  heterodyne  frequency 


Ci  —  500-(jpfd.  variable  (National  EMC-500). 

Ca,  Ca  —  50-/vifd.  midget  mica. 

Ki  —  40,000-ohm,  hz-watt. 

Ra  —  100-okm  poten tiometer  (Centralah  WW). 

L  —  Plug-in  inductances,  wound  (except  Li  and  Lo) 


on  1%-inch  National  XR-13  forms.  Li  on  3- 
inch  bakelite  form.  Winding  length  app.  2 ^4 
inches. 


Coils 

Approx. 

Range 

No. 

Turns 

IFire 

Size 

Li 

170-500  kc. 

180 

No.  28  e. 

U 

500-1500  kc. 

100 

No.  24  d.c.c. 

U 

1 .5-4.5  Mc. 

33 

No.  14  tinned 

u 

3-9  Mc. 

15 

No.  14  “ 

u 

8-25  Mc 

6 

No.  14  “ 

u 

20-60  Mc. 

Yl 

H"  C.L 

1.5-volt  dry  cell  (Bar (cm  4FA). 


meter  should  be  provided.  The  heterodyne 
frequency  meter  is  a  small  oscillator,  completely 
shielded.  It  must  be  so  designed  and  con- 
structed  that  it  can  be  accurately  calibrated 
and  will  retain  its  calibration  over  long  periods 
of  time.  The  oscillator  used  in  the  frequency 
meter  must  be  very  stable;  that  is,  the  fre¬ 
quency  of  oscillation  at  a  given  dial  setting 
must  be  practically  the  same  under  any  condi- 
tions.  Plug-in  coils  or  switches  are  not  ordi- 
narily  used  in  the  frequency  meter;  instead,  a 
solidly  built  and  firmly  mounted  tuned  circuit 
should  be  permanently  installed,  and  the  os¬ 
cillator  panel  and  chassis  reinforced  for  rigidity. 
The  oscillator  ordinarily  covers  one  band  only, 
harmonies  being  used  on  the  higher  frequencies. 

The  frequency  meter  must  possess  a  dial 
which  can  be  read  precisely  to  a  fraction  of  a 
division.  To  obtain  accuracy  it  is  necessary  to 
read  the  scale  to  at  least  one  part  in  500;  ordi- 
nary  dials  such  as  are  used  for  transmitters  and 
inexpensive  receivers  are  not  capable  of  such 
precision,  but  laboratory-type  dials  which 
meet  this  requirement  are  available.  Care 
should  be  taken  to  select  one  which  has  fine 
lines  for  division  marks,  and  which  has  an  indi¬ 
cator  very  close  to  the  dial  scale  so  that  the 
readings  will  not  appear  different  when  the 
dial  is  viewed  from  different  angles. 

The  Electron- Coup  led  Frequency  Meter 

One  of  the  most  stable  oscillator  circuits, 
and  therefore  most  suitable  for  the  frequency 
meter,  is  the  electron-coupled  circuit.  The  os¬ 
cillation  frequency  is  practically  independent 
of  moderate  variations  in  supply  voltages,  pro¬ 
vided  the  plate  and  screen  voltages  applied  to 
the  screen-grid  tube  used  are  properly  propor- 
tioned.  Furthermore,  because  of  the  nature  of 
the  circuit  it  is  possible  to  take  output  from 
the  plate  with  but  negligible  effect  on  the 
frequency  of  the  oscillator.  A  third  feature  is 
that  strong  harmonies  are  generated  in  the 
plate  circuit  so  that  the  meter  is  useful  over  an 
extremely  wide  range  of  frequencies. 

A  typical  diagram  for  a  simple  form  of 
electron-coupled  frequency  meter  is  given  in 
Fig.  1705. 
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Fig.  1705 —  General  utility  electron-coupled  oscil- 
lator  circuit.  As  Heterodyne  Frequency  Meter  (1750- 
2050  fcc.): 

Cl  —  100-iuifd.  variable. 

C2  —  200-uufd.  zero  drift  fixed  mica. 

Ca  —  100-a/ifd.  midget  mica. 

Gt  —  0.01  -jifd.  400-yolt  paper. 

Cs  —  0.002  -fifd.  midget  mica. 

Ri  —  50,000-ohms,  j^-watt. 

R2  — -  75,000-ohm»,  J^-watt. 

IÏ3  —  20,000-ohm  potentiometer.  (May  be  replaced  by 
2.5-mh.  r.f.  choke.) 

L  —  33  turn»  No.  22  on  lH-inch  form,  winding  length 
1  inch.  Cathode  tap  8  turns  above  ground  end. 
As  100-kc.  Calibrating  Oscillator: 

Ci  —  100-fififd.  variable. 

C2  —  0.0011-iifd.  zero  drift  fixed  mica. 

Ca  —  250-/ijifd.  midget  mica. 

Cl  —  0.1-gfd.  200-volt  paper. 

Cs  —  0.002-^fd.  midget  mica. 

Ri  —  0.25  megohm,  )^-watt. 

R2  —  0.1-megohm,  J^-watt. 

R8  —  Replace  with  2.5-mh.  r.f.  choke. 

L  —  2.1  (2.5)  mh.  r.f.  choke  (cathode  tap  between  lat 
and  2nd  pies  above  ground). 

As  I.  F.  Test  Signal  Source: 

Same  as  frequency  meter  above,  except  L: 

440-510  kc.:  140  turns  No.  30,  close-wound  on 
lj^-inch  form.  Cathode  tap  35 
turns  from  ground  end. 

1400-1650  kc.:  42  turns  No.  20  d.s.c.,  close-wound  on 
l)^-irch  form.  Cathode  tap  10 
turns  from  ground  end. 


Mechanical  considerations  are  most  impor¬ 
tant  in  the  construction  of  a  frequency  meter. 
No  matter  how  good  the  instrument  may  be 
electrically,  its  accuracy  cannot  be  depended 
upon  if  it  is  flimsily  built.  Mount  everything 
solidly;  make  connections  with  stiff  wire  and 
place  all  leads  so  they  cannot  be  moved  in  the 
course  of  ordinary  handling. 

Inherent  frequency  stability  can  be  appreci- 
ably  improved  by  avoiding  the  use  of  phenolic 
compounds  and  plastics  (bakelite,  polysty- 
rene,  etc.)  in  the  oscillator  circuit,  employing 
only  high-grade  ceramics  for  insulation.  Even 
ordinary  ceramics  can  usually  be  improved  in 
this  respect  by  impregnating  in  high-melting 
point  wax  or  Victron  dope  after  baking. 

It  is  desirable  to  design  the  frequency  meter 
so  that  the  oscillator  operates  in  the  1715- 
2000-kc.  band,  with  a  “spread”  such  that  al- 
most  the  entire  dial  scale  is  used  to  cover  the 
band.  For  the  higher-frequency  bands,  har¬ 
monies  of  the  oscillator  are  used. 

The  signal  from  the  frequency  meter  can  be 
fed  into  the  receiver  by  connecting  a  wire  from 
the  output  post  on  the  meter  to  the  antenna 
post  on  the  receiver.  If  the  signal  should  be  too 
loud,  the  wire  from  the  output  post  can  be  dis- 
connected  from  the  receiver  but  left  in  the  vi- 
cinity  of  the  receiving  lead-in. 

When  the  frequency  meter  is  first  turned  on 
some  little  time  is  required  for  the  tube  to 
reach  its  final  operating  temperature;  during 
this  period  the  frequency  of  oscillation  will 
drift  slightly.  Although  the  drift  will  not 
amount  to  more  than  two  or  three  kilocycles 
on  the  3500-kc.  band  and  proportionate 
amounts  on  the  other  bands,  it  is  desirable  to 
allow  the  frequency  meter  to  “warm  up”  for 
about  a  half  hour  before  calibrating,  or  before 


making  measurements  in  which  the 
utmost  accuracy  is  desired.  Better 
still,  the  frequency  meter  can  be  left 
on  permanently.  The  power  consump- 
tion  is  negligible,  and  the  long-time 
stability  will  be  vastly  improved. 

The  moreelaboratefrequency  meter 
shown  in  Figs.  1706-1708  utilizes  a 
triode  oscillator  electron-coupled  to 
a  pentode  multiplier.  A  high  order 
of  frequency  stability  is  attained  by 
keeping  the  plate  and  grid  coupling 
to  the  tuned  circuit  as  small  as  will 
permit  steady  oscillations.  Further 
improvement  is  had  by  operating  in 

Fig,  1 7 06  —  A  stable  heterodyne  frequency 
meter  with  separate  oscillator  and  harmonie 
multiplier.  A  precision  dial,  rigid  mechanical 
construction  and  well-isolated  tuned  circuit 
are  essentials  of  the  stable  heterodyne  fre¬ 
quency  meter.  R.f.  output  and  mixer  input 
terminals,  with  their  respective  attenuatora, 
are  located  on  the  front  panel. 
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Fig.  1 7 08  —  Underneath  the  stable 
heterodyne  frequency  meter.  The  coil 
and  main  tuning  condenaer  are  in  a 
separate  compartment  well  removed 
from  tube  heat.  Grid  and  plate  con- 
nections  to  tuned  circuit  are  made 
through  feed-thru  insulators,  elimi- 
nating  ahaky  wire  leads.  Oacillator 
tube  at  rear,  followed  by  multiplier, 
mixer  and  regulator  (the  latter  Socket 
is  suspended  on  pillars  because  of 
its  extra  beight).  All  grounds  are 
made  to  a  single  bus,  reducing  stray 
currents  tbrougb  chassis  and  limiting 
radiated  output  except  through  panel 
terminals.  Shiclded  battery  cable 
completes  the  sbielding.  Condenser 
Icad  at  top  lcft  goes  to  headphone 
jack  on  rear  wall  of  cabinet. 


the  frequency  band  875-1025  kc.,  giving  both 
a  relatively  better  tuned  circuit  and  a  lower 
ratio  of  tube  capacitance  change  to  transcon- 
ductance.  Thus  variations  in  the  tube  condi- 
tions  have  negligible  effect,  and  the  ultimate 


stability  is  practically  that  of  the  tuned  circuit 
alone. 

Temperature  effects  are  minimized  by  a 
mechanical  arrangement  isolating  the  tuned 
circuit  from  tube  heat.  Humidity  effects  can  be 


R,  F  MIXER 
OUTPUT  INPUT 


Fig.  1707  —  Circuit  diagram  of  the  stable  frequency  meter. 
Cl  * —  100-jti/ifd.  double-spaced  vari- 
able  (Ilammarlund  HFB- 


100-E). 

Cg  —  200-wdd.  zero-drift  fixed  mica 
(Centralab  8142). 

Cb  —  0.001  -pfd.  zero-drift  fixed 
miea  (Sickles  Silver-Cap). 
C«  —  50-a/ifd.  midget  padder  (Mil- 
len  26050). 

Cj  —  0.01-iifd.  400-volt  paper. 

Cs  —  0.1-/jfd.  400-volt  paper. 

C7  —  0.01-nfd.  400-volt  paper. 

Cs  — 0.05-Aifd.  400-volt  paper. 

Cb  —  0.001-pfd.  midget  mica. 

Cis  —  0.1-afd.  400-volt  paper. 


C11  —  0.01-nfd.  400-volt  paper. 

Cu  —  250-Mafd.  midget  mica. 

Ri  —  50,000  ohms,  J^-watt  (IRC 
Type  F). 

Ra  —  1000  ohms,  J^-watt. 

Ra  —  5000  ohms,  1-watt. 

R4  —  10,000  ohms,  1-watt. 

Rb  — 10,000  ohms,  10-watt  (for 
250-volt  supply). 

R«  —  0.25-megohm,  J^-watt. 

R7  —  250,000-ohm  potentiometer. 
Rs  —  250,000-ohm  potentiometer. 
R»  —  500  ohms,  H-watt. 

R10  —  75,000  ohms,  }4-watt. 

Ru  —  20,000  ohms,  Jjj-watt. 


Ria  — •  5000  ohms,  J/(>-watt. 

RFC  —  2.5-millihenry  r.f.  choke. 

L  —  72  turns  No.  22  d.c.e.,  close- 
wound  (30  turns  per  inch) 
on  1%-inch  diameter  form 
(National  XR-13)  and  thor- 
oughly  impregnated. 

L'  — 16  turns  No.  22  d.c.e.  close- 
wound  on  lj^-inch  diam- 
eter.  Winding  is  placed  in- 
side  XR-13  form  and  al- 
lowed  to  spring  open,  fitting 
tightly  insidc  form.  It  is 
then  cemented  in  place. 

Dial  —  National  NPW-0. 
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largely  eliminated  by  impregnating  the  coil 
with  high  melting  point  wax  or  (after  thorough 
baking)  by  coating  the  winding  with  Victron 
coil  dope. 

Ceramic  insulation  ia  used  throughout  the 
oscillator  circuit,  even  to  the  tube  bases.  The 
construction  is  made  extremely  rigid  mechan- 
ically.  When  the  lips  on  all  faces  of  the  sub- 
chassis  are  attached  to  the  walls  and  bottom  of 
the  8  X  10  X  7-inch  metal  cabinet,  torsional 
twisting  is  practically  eliminated  and  vibratory 
effects  are  minimized. 

Frequency  shift  through  line- voltage  changes 
is  eliminated  by  the  use  of  a  VR-150-30 
regulator  tube. 

The  oscillator  and  multiplier  receive  a  com- 
mon  initial  bias  through  R 2.  This  bias  is  such  as 
to  approximate  cut-off  for  the  6SJ7,  in  which 
condition  it  serves  as  an  effective  doubler  with¬ 
out  introduction  of  grid  current  so  long  as  the 
r.f.  grid  swing  is  properly  limited.  There  is  no 
perceptible  reaction  upon  the  oscillator  from 
the  multiplier  plate  circuit. 

The  output  of  the  multiplier  goes  first  to  a 
shielded  output  terminal,  to  be  conducted 
through  a  shielded  line  to  the  receiver  or  moni¬ 
tor  input,  with  an  attenuator  to  regulate  out¬ 
put  level.  It  also  goes  to  the  grid  of  a  mixer  tube 
and  audio  detector  which  delivers  to  head- 
phones  the  audio  response  resulting  from  the 
heterodyne  between  the  frequency  meter  os¬ 
cillator  and  the  signal  from  the  transmitter 
being  checked.  The  transmitter  signal  is 
coupled  into  the  mixer  through  a  second 
shielded  terminal. 

No  on-off  switch  is  provided,  since  the  pre- 
ferred  practice  is  to  keep  the  meter  running 
constantly. 

While  the  dial  shown  can  be  read  with  good 


6SK7 


Fig.  1 709  —  Circuit  of  the  e.c.  band-setting  oscillator. 
Ci,  Li  —  Tank  circuits  and  switch  for  100-  and  1000-kc. 
operation,  with  trimmer  adjusting  screws  for 
tuning  (Browning  BL-2FS). 

C2  — -  100-#i*ifd.  fixed  mica. 

Cs  —  0.1-/dd.  200 -volt  paper. 

C*  —  0.1-^fd.  200-volt  paper. 

Cj  —  100-/oifd.  fixed  mica. 

Ri  —  50,000  ohms,  J^-watt. 

Ra  —  300  ohms,  1-watt. 

R8  —  75,000  ohms,  1-watt. 

RFC  — 2.5-mh.,  125-ma.  r.f.  choke. 


accuracy  to  about  1  part  in  1000,  even  greater 
precision  can  be  had  by  constructing  a  vernier 
scale  the  length  of  nine  dial  divisions  but  sub- 
divided  into  ten  parts  (as  on  the  National 
Type  “N”  dial,  etc.).  With  such  a  vernier, 
readings  can  be  made  at  28  Mc.  to  within 
about  +  or  —  1  kc. 

lOO-lOOO-Kc.  E.C.  Frequency  Standard 
Figs.  1709-10  show  a  simple  and  easily- 
constructed  electron-coupled  oscillator  which 
can  be  used  as  a  Standard  with  output  on  100 
or  1000  kc.  A  complete  grid  tank  circuit  for 
100  kc.  and  another  for  1000  kc.  are  provided 
in  a  shielded  commercial  unit,  with  switch 
provision  for  selecting  either  output  frequency. 
With  this  arrangement,  little  remains  of  as- 
sembly  and  wiring  of  the  frequency  Standard. 
Alternatively,  an  ordinary  tuned  circuit  can  be 
made  up  as  shown  under  Fig.  1705.  An  outline 
of  adjustment  procedure  is  given  below  for 
convenience: 

1.  Tune  in  WWV  (see  page  262)  on  a  receiver 
operating  on  5  Mc. 

2.  With  the  oscillator  operating,  rotate  the 
tuning  control  until  an  audible  note  is  heard 
in  the  receiver;  adjust  carefully  for  zero 
beat. 

3.  To  determine  whether  the  harmonie  beating 
with  WWV  may  be  some  other  than  the 
desired  harmonie,  tune  in  a  station  operat¬ 
ing  on  an  even  multiple  of  100  or  1000  kc. 
(700  kc.,  800  kc.,  900  kc.,  etc.).  If  the  broad- 
cast  station  gives  a  very  low-pitched  beat 
note,  the  beat  of  the  100-kc.  oscillator’s 
50th  harmonie  with  WWV  is  assured.  If  a 
high-pitched  note  is  heard,  on  the  other 
hand,  the  oscillator  should  be  readjusted 
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and  the  process  of  WWV  zero  beat  and  b.c. 
check  should  be  repeated. 

A  crystal-controlled  version  of  the  100-1000 
kc.  oscillator  can  be  built  according  to  Figs. 
1711-13.  A  special  X-cut  crystal  is  used  which 
will  oscillate  at  either  of  two  frequencies,  one 
determined  by  its  thickness  (1000  kc.)  and  the 
other  by  its  length  along  the  mechanical  axis 
(100  kc.),  depending  on  the  frequency  to  which 
the  plate  circuit  is  tuned. 

In  the  unit  pictured,  a  d.p.d.t.  toggle  switch 
selects  the  frequency  desired.  In  the  100  kc. 
position  this  switch  also  connects  a  small 
trimmer  condenser  in  parallel  with  the  crystal. 


Fig.  1711  —  100-1000-kc.  crystal  calibrator.  Output 
is  taken  through  the  insulated  terminal  bushing  at  left 
rear. 


By  adjustment  of  this  condenser  the  frequency 
of  the  crystal  can  be  varied  in  a  positive  direc- 
tion,  and  set  to  precisely  100  kc.  (In  purchasing 
the  crystal  specify  that  any  error  be  on  the 
high-frequency  side  of  100  kc.)  An  accuracy  of 
but  a  few  parts  in  a  million  can  thus  be 
attained. 

The  1000-kc.  frequency  has  an  accuracy  of 
0.05  per  cent.  However,  since  it  is  used  only  to 
indicate  approximate  1000  kc.  points,  its  abso¬ 
lute  frequency  is  not  important. 

The  oscillator  output  is  taken  through  an  in¬ 
sulated  bushing,  frotn  which  a  connecting  lead 
can  be  run  to  the  receiver  input.  »SfF2  opens  the 
plate  supply  lead  when  no  signal  is  wanted;  the 
heater  is  ordinarily  left  on  continuously  to  keep 
the  tube  at  operating  temperature. 

100-Kc.  Secondary  Frequency  Standard 

For  highest  accuracy  in  frequency  checking 
and  calibration,  the  most  suitable  device  for 


Fig.  1712  —  Crystal  calibrator  circuit  diagram. 

Cl  — 35-ggfd.  midget  variable  (Hammarlund  HF-35). 
C2  —  100-ppfd.  mica  trimmer  (Hammarlund  CTS-85). 
Ca,  C4,  Cs  —  0.1-gfd.  400-volt  paper. 

Ce  —  0.001-gfd.  midget  mica. 

Rl  —  5  megohms,  J^-watt. 

R2  —  500  ohms,  ï^-watt. 

Rs  —  25,000  ohms,  1-watt. 

R<  — 0.25  megokm,  hi-watt. 

Li  — 8-mh.  r.f.  choke  (Meissner  19-2078). 

L2  —  2.5-mh.  r.f.  choke  (all  but  one  pie  removed). 

SWi  —  D.p.d.t.  toggle  switch. 

SW2  —  S.p.s.  t.  toggle  switch. 

Crystal  —  Blilcy  SMC-100. 

amateur  work  is  a  precision  crystal-controlled 
secondary  Standard,  provided  with  a  multi- 
vibrator  for  frequency  division.  Such  a  Stand¬ 
ard  can  be  constructed  at  reasonable  cost,  and 
will  mark  10-kc.  intervals  throughout  the 
Communications  spectrum  with  a  degree  of  ac¬ 
curacy  more  than  sufficiënt  for  all  amateur 
purposes. 


Fig.  1 713  —  Interior  of  100— 1000-kc.  crystal  calibrator, 
The  crystal  is  mounted  at  top  center,  above  the  socket. 
Trimmer  for  1000-kc.  plate  circuit  at  Iower  right,  8  mh. 
choke  for  100-kc.  at  lower  left. 
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Fig.  1714  —  Secondary  frequency 
Standard,  incorporating  a  100-kc.  low- 
drift  crystal,  10-kc.  multivibrator,  and 
harmonie  amplifier-modulator.  The  ver- 
nier  dial  is  used  for  precise  setting  of  the 
crystal  frequency.  Controls  along  the 
bottom  are,  from  left  to  right:  output 
tuning,  Cu;  on-off  switch,  Sii  "B” 
switch,  Sa;  multivibrator  switch,  Ss,  and 
multivibrator  control,  Rs.  Power  trans* 
former,  rectifier  and  regulator  tubes  are 
along  the  rear  edge  of  the  7-by-12-inch 
chassis.  The  crystal  oscillator  is  at  the 
right,  multivibrator  tube  in  the  center, 
and  output  circuit  at  the  left. 


A  Standard  of  this  type  is  illustrated  in  Figs. 
1714  and  1716.  The  circuit  diagram  is  given  in 
Fig.  1715.  The  frequency  control  is  a  Bliley 
SOC-IOO  unit,  consisting  of  a  low-drift  100-kc. 
bar  with  an  oscillator  coil  in  the  same  mount- 


ing.  The  oscillator  tube  is  a  6SJ7,  used  in  the 
circuit  recommended  for  this  crystal  unit  by 
the  manufacturen  The  output  of  the  oscillator 
is  coupled  to  a  6K8  harmonie  amplifier  through 
Cs,  and  also  to  the  6SC7  multivibrator  (a 


Fig.  1715  —  Circuit  diagram  of  the  frequency  Standard. 


Ci  —  Dual  365-ioifd.  variable,  com¬ 
pact  broadcast  type  (Meiss- 
ner  21-5214). 

Ca,  Cs  —  0.01-nfd.  400-volt  paper. 

Ct,  Cs  —  0.001  -gfd.  midget  mica. 

Cs,  Ci  —  10-wifd.  midget  mica. 

Cs  —  50-ipdd.  midget  mica. 

Ca,  Cio,  Cu,  Cu  —  0.1-gfd.  400-volt 
paper. 

Cis  —  0.002-nfd.  midget  mica. 

Cu  —  140-iijifd.  variable  (Hammar- 
lund  HF-140). 

Lj  —  550-1200  kc.  —  130  turns  No.  30  enameled. 

1200-3300  kc.  —  70  tnrns  No.  22  enameled. 

7500-3300  kc.  —  22  turns  No.  22  enameled,  length  1 
inch. 

15-6.8  Mc.  —  11  turns  No.  22  enameled,  length  1  inch. 


Cis,  Cio  —  8-fifd.  450-voIt  electro- 
Iytic. 

C17 — 30-gjifd.  trimmer  (National 
M-30). 

Ri  —  1  megohm,  J^-watt. 

Ra,  Rs  —  0.5  megohm,  1-watt. 

Rr,  Rs  —  50,000  ohms,  1-watt. 

Re,  R7  —  20,000  ohms,  J^-watt. 

Rs  —  15,000-ohm  potentiometer. 

Ra  —  0.3  megohm,  J-'é-watt. 

RlO  —  0.1  megohm,  )d-watt. 


Ru  —  800  ohms,  J^.watt. 

Ria  —  25,000  ohms,  1-watt. 

Ris  —  50,000  ohms,  1-watt. 

Ru  —  1500  ohms,  10-watt. 

RFC  —  2.5  mh.  r.f.  choke. 

Si,  S2,  Ss  —  S.p.s.t.  toggle. 

Ti  —  Power  transformer,  250  v. 
d.c.  at  40  ma.  (Thordarson 
T13R11). 

Li  —  7-benry,  40-ma.  filter  choke 
(Thordarson  T13C26). 
32-13.5  Mc.  —  5  turns  No.  22  enameled,  length  1  inch. 
56  Mc. — 2  or  3  Bpaced  turns  on  1-inch  form,  or  air 
wound.  Adjust  for  optimum  output. 

AU  except  56-Mc.  coil  wound  on  1  V^-inch  forms. 
Output  links  may  be  adjusted  to  give  desired  signal 
etrength  in  receiver. 
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resistance-capacity  oscillator  of  the  “relaxa- 
tion”  type)  through  C6.  The  multivibrator  is 
an  unstable  oscillator  which  possesses  the 
property  of  being  readily  “locked”  in  fre- 
quency  by  r.f.  energy  from  a  stable  source;  this 
locking  will  occur  even  when  the  controlling 
frequency  is  a  fairly  high-order  harmonie  of  the 
fundamental  multivibrator  oscillation.  In  the 
present  case,  the  multivibrator  fundamental  is 
10  kc.  and  it  is  locked  by  the  100-kc.  output  of 
the  crystal  oscillator.  In  Fig.  1715,  the  output 
of  the  multivibrator,  which  consists  of  10  kc. 
plus  a  series  of  harmonies,  is  used  to  modulate 
the  6K8  output  by  coupling  to  the  injection 
grid,  thus  giving  a  series  of  10-kc.  signals  be- 
tween  each  pair  of  100-kc.  harmonies.  The  os¬ 
cillator  plate  in  the  6K8  is  not  used. 

The  output  circuit  of  the  6K8  is  tuned  to  the 
particular  frequency  on  which  checking  is  to  be 
done  in  order  to  increase  the  harmonie  output 
at  that  frequency.  Plug-in  coils  are  provided  to 
cover  the  complete  spectrum.  The  output  may 
be  taken  either  through  the  small  condenser, 
Ci  7,  or  a  suitable  link  winding  on  the  coil. 

A  power  supply  is  incorporated  in  the  unit, 
with  its  output  voltage  regulated  by  means  of 
the  VR-150-30  and  VR-105-30  tubes.  Voltage 


_ -feyfyg/  >. _ _ 

Insulators  2X>  &oiv  (o  keep  wires  tiqht 


.  Sliding  Jumper 

iCcup/edto  oscit/ator 
Fig.  1717  —  Lecher  wire  System. 


only  100-kc.  points  are  wanted.  Switching  the 
multivibrator  on  or  off  will  cause  a  frequency 
change  of  less  than  one  part  in  a  million. 

A  “B"  switch,  S2,  is  provided  so  that  the 
unit  may  be  made  inoperative  without  cutting 
ofiE  the  heater  voltage. 

For  checking  1000-kc.  points,  a  coil  of 
about  150  microhenrys  (a  1^-inch  winding  of 
No.  30  d.c.c.  on  a  lj^-ioch  form)  may  be  sub- 
stituted  for  the  crystal  unit,  connected  be- 
tween  points  X-X  in  the  diagram.  With  Ci  near 
maximum  capacity,  the  circuit  will  tune  to 
1000  kc.  The  exact  frequency  may  be  set  by 
adjusting  so  that  the  5th  harmonie  coincides 
with  WWV,  or  so  that  the  fundamental  is  at 
zero-beat  with  a  broadcast  station  on  1000  kc. 


regulation  prevents  changes  in  oscillator  fre¬ 
quency  with  varying  line  voltage. 

The  crystal  frequency  can  be  adjusted  to 
precisely  100  kc.  by  means  of  Ci.  This  adjust- 
ment  should  be  made  by  beating  the  output  on 
5000  kc.  against  the  continuous  transmissions 
on  this  frequency  from  WWV.  After  a  warm-up 
period  of  15  minutes  or  so,  the  frequency  should 
stay  within  a  few  cycles  of  WWV  over  consid- 
erable  periods  of  time.  The  multivibrator  can 
be  cut  out  of  the  circuit  by  means  of  Sz  when 


•  U.  H.  F.  FREQUENCY  CHECKING  BY 

LECHER  WIRES 

The  methods  described  for  checking  trans- 
mitter  frequency  on  the  lower  frequency  bands 
are  often  unsuited  for  use  on  the  ultra-high 
frequencies.  The  methods  that  are  simplest 
and  most  satisfactory  in  this  region  are  based 
on  direct  measurement  of  the  physical  char- 
acteristics  of  resonant  linear  circuits. 

The  simplest  method  is  to  cut  the  antenna 
wire  to  95  per  cent  of  the  actual 


Fig.  1716  —  Bottoin  view  of  the  frequency  Standard.  Reasonable 
care  should  be  used  to  keep  the  circuits  separated  and  Ieads  short,  but 

there  are  no  critical  wiring  points.  The  filter  choke  is  mounted  on  the 
rear  edge  of  the  chassis. 


wavelength  desired,  then  tuning 
the  transmitter  until  the  antenna  is 
operating  most  effectively.  This  is, 
of  course,  extremely  approximate 
and  would  serve  only  as  a  prelimi- 
nary  measure. 

The  next  simplest  scheme  is  to 
compare  the  frequency  of  one’s  own 
transmitter  by  listening  to  it  on  the 
receiver  and  comparing  the  setting 
with  other  stations  of  known  wave¬ 
length.  This  is  readily  possible  in 
districts  where  plenty  of  signals  are 
available  for  the  purpose.  The 
problem  is  readily  solved  if  a  lin¬ 
ear  type  oscillator  is  used.  With  this 
type  of  oscillator  (described  in 
Chapter  29)  the  wavelength  can 
be  measured  approximately  from 
the  rods  which  constitute  the  tun¬ 
ing  circuit. 

For  the  very  short  waves,  prob- 
ably  the  most  practical  method  in- 
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volves  the  use  of  two  parallel  wires  —  known 
a9  Lecher  wires  —  on  which  standing  waves 
may  be  measured  directly.  Such  a  Lecher  Sys¬ 
tem  may  be  set  up  readily.  It  forms  a  valuable 
addition  to  the  ultra-high  frequency  worker’s 
equipment. 

A  typical  Lecher  system  (Fig.  1717)  con- 
sists  of  two  No.  18  bare  copper  wires  spaced 
about  three  inches  and  mounted  on  stand-off 
insulators  on  a  length  of  board.  The  wires 
should  be  several  wavelengths  long.  The  wires 
are  left  free  at  one  end  while  at  the  other  they 
are  connected  to  a  one-  or  two-turn  coupling 
coil  of  about  the  diameter  of  the  tank  coil  of 
the  transmitter.  This  coupling  coil  is  placed 
near  the  transmitter  coil.  In  operation,  a  slid¬ 
ing  bridge  —  consisting  of  a  piece  of  stifï  bare 
wire  on  the  end  of  a  two-foot  wooden  dowel  — 
is  run  slowly  down  the  length  of  the  wires  until 
a  point  is  reached  where  the  oscillator  plate 
current  makes  a  sudden  fluctuation.  The  point 
is  marked.  The  bridge  is  then  moved  farther 
down  the  wires  until  a  second  node  is  located. 
This  also  is  marked.  The  same  procedure  is 
then  followed  to  locate  a  third  node.  At  this 
stage,  the  distance  between  each  pair  of  marks 
is  measured.  If  the  Lecher  system  is  operating 
correctly  and  if  it  is  mounted  well  clear  of  sur- 
rounding  objects,  the  distances  will  all  be  the 
same  and  will  represent  quite  accurately  one 
half  of  the  wavelength  being  measured.  An 
alternative  sliding  bridge  —  useful  when  the 
oscillator  has  plenty  of  output  —  is  a  flash- 
lamp  bulb  with  wires  soldered  to  its  contacts. 
These  wires  are  hooked  over  the  wires  of  the 
Lecher  system  and  the  lamp  moved  along  un¬ 
til  the  various  points  are  located  at  which  the 
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Fig.  1718  —  Simple  monitor. 

Ci  —  50-iorfd.  midget  variable  condenser. 

C2  — ■  .002-iifd.  midget  mica  condenser. 

Sw  —  Single-pole  toggle  switch. 

Li,  Lj — W’ound  on  l^-inch  4-pin  forms  with  No.  30 
d.s.c.  wire.  The  number  of  turns  is  given  in 
this  table: 


Band 

U 

L2 

1750  kc. 

70 

20 

3500  kc. 

35 

10 

7000  kc. 

15 

6 

14,000  kc. 

5 

4 

The  monitor  can  be  built  in  any  metal  container 
large  enough  to  hold  it,  a  small-size  22 V-i-volt  "B” 
battery,  and  a  üashlight  cell. 


S5-85-6R7 


Fig.  1719  —  Simple  ’phone  monitor. 

Ci  —  250-ggfd.  mica.  Ri  —  .5  megohm  J^-watt. 
C2  —  0.01-fifd.  200-volt.  R2  —  2-megohm  }^>-watt. 
C3  —  0.1-gfd.  200-volt.  Ra  —  3500-ohm  J/^-watt. 

Gi  —  0.002-gfd.  400-volt.  R4  —  .1-megohm  H-watt. 
C*  —  1-jjfd.  400-volt. 

lamp  lights  brightest.  The  points  will  be  ex- 
tremely  critical. 

The  same  general  procedure  may  be  used  to 
calibrate  a  receiver  —  the  indication  in  this 
case  being  obtained  by  the  receiver  going  out 
of  oscillation  as  the  bridge  passes  over  the  va¬ 
rious  nodes. 

Once  the  approximate  calibration  has  been 
obtained  in  this  way,  it  can  be  checked  by 
comparing  harmonies  produced  by  oscillators 
on  harmonically-related  lower  frequency  bands. 

•  MONITORS  FOR  C.W. 

Aside  from  current-indicating  instruments, 
one  of  the  most  useful  instruments  the  station 
can  have  is  a  monitor,  used  for  checking  the 
quality  of  the  emitted  signal. 

A  monitor  is  a  miniature  receiver,  usually 
having  only  a  single  tube,  enclosed  with  its 
batteries  in  some  sort  of  metal  box  which  acts 
as  a  shield.  It  need  not  be  a  costly  or  elaborate 
affair.  The  circuit  shown  in  Fig.  1718  illus- 
trates  the  simplicity  of  a  typical  monitor. 

The  requirements  for  a  satisfactory  monitor 
for  checking  c.w.  signals  are  not  difficult  to 
satisfy.  It  should  oscillate  steadily  over  the 
bands  on  which  the  station  is  to  be  active;  the 
tuning  should  not  be  excessively  critical,  al- 
though  the  degree  of  band-spreading  ordinarily 
considered  desirable  for  receivers  is  not  essen- 
tial;  the  shielding  should  be  complete  enough 
to  permit  the  monitor  to  be  set  near  the  trans¬ 
mitter  and  still  give  a  good  beat  note  when 
tuned  to  the  fundamental  frequency  of  the 
transmitter  (this  is  often  impossible  with  the 
receiver  because  the  pick-up  is  so  great);  and 
it  should  be  constructed  solidly  enough  so  that 
it  can  be  moved  around  the  station  without 
necessity  for  retuning  when  listening  to  a 
signal. 

Monitors  for  ’Phone 

Any  type  of  simple  detector  circuit  with  a 
means  for  picking  up  a  small  amount  of  r.f. 
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from  the  transmitter  can  be  used  as  a  ’phone 
monitor.  The  pickup  coil  need  not  even  be 
tuned,  although  the  monitor  will  be  con- 
siderably  more  sensitive  when  tuned. 

A  satisfactory  type  of  ’phone  monitor,  using 
a  duo-diode-triode  tube  as  a  diode  detector 
and  audio  amplifier,  is  shown  in  Fig.  1719. 
The  circuit  LC  is  tuned  to  the  transmitter 
frequency ;  any  constants  which  satisfy  this 
requirement  can  be  used. 

Because  of  the  tuned  pickup  and  audio 
amplification,  a  monitor  of  this  type  will  be 
quite  sensitive.  Besides  its  primary  use  for 
audio  quality  checks,  it  can  be  used  for  check- 
ing  hum  and  other  carrier  noises. 

The  ’phone  monitor  usually  must  be  used 
with  a  headset,  since  a  loud-speaker  will  cause 
audio  feed-back  through  the  microphone. 

•  D.C.  INSTRUMENTS 

Throughout  this  Handbook  reference  has 
been  made  to  the  use  of  direct-current  instru- 
ments  for  measurement  of  current  and  volt¬ 
age.  Voltmeters  and  ammeters  are  basically 


Shunt  J 

Fig.  1720 —  How  voltmeter  multipliers  (A)  and 
milliammeter  shunts  (B)  are  connected. 

identical  instruments,  the  difference  being  in 
the  method  of  connection.  A  voltmeter  is  an 
ammeter  which  measures  the  current  through 
a  high  resistance  connected  across  the  source  to 
be  measured;  its  calibration  is  in  terms  of  volt¬ 
age  drop  in  the  resistance,  or  multiplier.  An 
ammeter  is  connected  in  series  with  the  circuit 
and  measures  the  current  flow.  The  ranges  of 
both  voltmeters  and  ammeters  can  be  extended 
by  the  use  of  external  resistors,  connected  in 
series  with  the  instrument  in  the  case  of  a  volt¬ 
meter  or  in  shunt  in  the  case  of  an  ammeter. 
Most  ammeters  used  in  radio  work  measure  in 
thousandths  of  amperes,  and  are  called  mil- 
liammeters. 

Shunt  and  series  multipliers  for  meters  are 
usually  highly  accurate  precision  resistors,  so 
that  they  will  not  contribute  error  to  the  meter 
reading.  Ordinary  carbon  resistors,  selected 
for  accuracy,  can  also  be  used  when  economy 
is  a  consideration. 

The  ways  in  which  multipliers  and  shunts  are 
connected  to  voltmeters  and  milliammeters  are 

shown  in  Fig.  1720.  To  calculate  the  value  of 

multiplier  or  shunt  it  is  necessary  to  know  the 


resistance  of  the  meter;  this  information  can 
be  obtained  from  the  maker.  If  it  is  desired  to 
extend  the  range  of  a  voltmeter,  the  value  of 
resistance  which  must  be  added  in  series  is 
given  by  the  formula: 

R=Rm  (n  — 1) 

where  R  is  the  multiplier  resistance,  Rm  the 
resistance  of  the  voltmeter,  and  n  the  scale 
multiplication  factor.  For  example,  if  the  range 
of  a  10-volt  meter  is  to  be  extended  to  1000 
volts,  n  is  equal  to  1000/10  or  100. 

If  a  milliammeter  is  to  be  used  as  a  volt¬ 
meter,  the  value  of  series  resistance  can  be 
found  by  Ohm’s  law,  or 


1000  E 


Where  E  is  the  desired  full-scale  voltage  and  I 
the  full-scale  current  reading  of  the  instrument 
in  milliamperes. 

To  increase  the  current  range  of  a  milliam¬ 
meter,  the  resistance  of  the  shunt,  Fig.  1720-B, 
can  be  found  from  the  formula: 


where  the  letters  have  the  same  significance 
as  before. 

Homemade  milliammeter  shunts  can  be 
constructed  from  any  of  the  various  special 
kinds  of  resistance  wire,  or  from  ordinary 
copper  magnet  wire  if  no  resistance  wire  is 
available.  Reference  to  the  Copper  Wire  Table 
in  Chapter  20  will  give  the  resistance  per  1000 


Fig,  1721 — The  inexpensive  multi-range  volt-ohm- 
milliammeter  ia  housed  in  a  Standard  3x4x5  metal 
cabinet.  Ranges  are  marked  with  number  dies,  the  im. 
pressions  being  filled  with  white  ink.  High-voltage  test 
leads  are  available  for  use  on  the  5000-volt  range. 
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feet  of  various  eizes  of  wire.  After  determining 

the  resistance  required  by  the  formula  above, 
measure  off  enough  wire  (pulled  tight  but  not 
stretched)  to  proyide  the  required  resistance. 
Accuracy  can  be  checked  by  causing  a  current 
flow  through  the  meter  that  makes  it  read  full- 
scale  without  the  shunt;  eonnecting  the  shunt 
should  then  give  the  correct  reading  based  on 
the  new  full-scale  range. 

Multi-Range  Voltmetera  and  Ohmmetera 
A  combination  voltmeter-milliammeter  hav- 
ing  various  ranges  is  extremely  useful  for  ex- 
perimental  purposes  and  for  trouble-shooting 
in  receivers  and  transmitters.  As  a  voltmeter 
such  an  instrument  should  have  high  resistance 


cuit.  For  such  purposes  a  1000-ohms-per-volt 

instrument  is  customarily  used;  a  0-1  mil- 
liammeter  or  0-500  microammeter  (0-0.5  ma.) 
is  the  basis  of  most  multi-range  meters  of  this 
type.  Microammeters  having  a  range  of  0-50 
pa.,  giving  a  sensitivity  of  20,000  ohms  per- 
volt,  are  also  used. 

The  various  current  ranges  on  a  multi- 
range  instrument  can  be  obtained  by  using  a 
number  of  shunts  individually  switched  in 
parallel  with  the  meter.  Great  care  should  be 
taken  to  minimize  contact  resistance. 

It  is  often  necessary  to  check  the  value  of  a 
resistor  or  to  fipd  the  value  of  an  unknown 
resistance,  particularly  in  receiver  servicing. 
For  this  purpose  an  “ohmmeter”  is  used.  An 


Fig.  1722  —  Circuit  of  the  low-cost 

V-O-M. 

Ki — 2000-ohm  wire-wound  variable  re¬ 
sistor. 

ft 2  —  3000  ohms,  H-watt. 

Rs  —  100-ma.  shunt,  0.33  ohms  (see  text). 

Rs  —  10-ma.  shunt,  3.6  ohms  (see  text). 

Rs  —  40,000  ohms,  J^-ivatt. 

Re  —  4  megohms,  4  watts  (four  1-megohm 
1-watt  resistors  in  series). 

R7  —  0.75  megohm,  1-watt  (two  J^-watt 
resistors  in  series,  0.5  megohm  and 
0.25  megohm). 

Rs  —  0.2  megohm,  J^j-watt. 

Rb  —  40,000  ohms,  J^-watt. 

R10  —  10,000  ohms,  j^-watt. 

SW  —  9-point  2-pole  switch  (Mallory- 
Yaxley  3109). 

B  —  4.5  volts  (Burgess  5360). 

MA  — Triplett  0-1  ma.,  type  221. 


so  that  very  little  current  will  be  drawn  in 
making  voltage  measurements.  A  voltmeter 
taking  considerable  current  will  give  inaccu¬ 
rate  readings  when  connected  across  a  high- 
resistance  source,  as  is  often  the  case  in  check- 
ing  voltages  at  various  parts  of  a  receiver  cir- 


InBtrument  scale  for  inexpensive  volt-ohm-milliam- 
meter,  to  be  cut  out  and  pasted  over  existing  scale  of 
Triplett  No.  221  0-1  ma.  milliammeter  or  any  equiva¬ 
lent  2 -inch  meter  with  33  ohms  intemal  resistance. 
Calibration  should  be  checked  with  Standard  of  moder¬ 
ate  accuracy  after  assembly,  to  allow  for  variations  in 
individual  meters,  inaccuracies  in  multipliers,  resistance 
of  test  lead8,  paper  shrinkage,  etc. 


ohmmeter  is  simply  a  low-current  d.c.  volt 
meter  provided  with  a  source  of  voltage  (usu- 
ally  dry  cells),  connected  in  series  with  the 
unknown  resistance.  If  a  full-scale  deflection 
of  the  meter  is  obtained  with  the  connections 
to  the  external  resistance  shorted,  insertion  of 
the  resistance  under  measurement  will  cause 
the  reading  to  decrease  with  the  amount  of 
resistance  inserted.  The  scale  can  therefore  be 
calibrated  in  ohms.  If  a  voltmeter  not  cali- 
brated  directly  in  resistance  values  is  used,  the 
following  formula  can  be  applied: 

D cRm  n 

U - - - Hm 

where  R  is  the  resistance  under  measurement, 
E  is  the  voltage  read  on  the  meter, 
e  is  the  series  voltage  applied,  and 
Rm  is  the  intemal  resistance  of  the  meter 
(full-scale  reading  in  volts  X  ohms- 
per-volt). 

A  number  of  excellent  commercial  kits  for 
the  construction  of  multi-range  meters  of  the 
type  used  largely  by  service  men  are  on  the 
market.  There  are  also  excellent  but  not  ex- 
pensive  combination  meters  available  designed 
particularly  for  amateur  work.  A  good,  versa- 
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Fig.  1723  —  Interior  of  low-cost  volt-ohm- 
milliammeter.  All  parts  except  the  internal 
ohmmeter  battery  are  mounted  on  the  4x5- 
inch  hakelite  panel.  The  battery  is  attached 
to  the  bottom  plate.  Voltmeter  multiplier  is 
first  assembled  on  insulated  tie  strip,  then 
■wired  into  circuit.  M-sbaped  object  in  rear 
ts  5000-volt  multiplier  —  four  1-watt  re- 
sistors  covered  with  varnisbed  cambric  tub- 
ing.  Milliammeter  multipliers  can  be  seen  in 
front  center. 


file  instrument  of  this  sort  will  prove  its  worth 
many  times  over  in  the  amateur  station. 

A  combination  multi-range  volt-ohm-mil- 
liammeter,  reduced  to  its  simplest  and  least 
expensive  terms,  is  shown  in  Figs.  1721-23. 
Using  a  0-1  ma.  meter,  the  voltmeter  has  five 
ranges  at  1000  ohms  per  volt:  0-10,  50,  250, 
1000  and  5000  volts.  In  addition  to  the  basic 
0-1  ma.,  current  ranges  of  0-10  and  100  ma. 
are  provided.  There  are  two  resistance  meas- 
urement  ranges  (three  with  external  battery): 
a  series  range  of  0-250,000  ohms,  and  a  shunt 
range  of  0-500  ohms.  The  high-ohms  scale 
can  be  multiplied  by  10  if  the  plus  terminal  of 
a  45-volt  battery  is  connected  to  the  terminal 
provided  (the  unknown  resistance  being  con- 
mected  between  the  negative  battery  terminal 
and  ohmmeter  ). 

For  reasons  of  economy,  ordinary  carbon  re- 
sistors  are  used  as  voltmeter  multipliers.  These 
can  be  obtained  with  an  accuracy  of  5  per  cent 
or  better;  many  dealers  will  allow  a  selection 
from  stock  if  maximum  accuracy  is  desired. 

The  5000-volt  multiplier  is  made  up  of  four 
1-watt  resistors,  encased  in  heavy  varnished 
cambric  tubing  to  protect  against  flashovers. 
The  tubing  extends  down  over  the  positive 
“5M”  terminal,  which  is  further  insulated  by 
a  liberal  wrapping  of  friction  tape. 

The  10-ma.  and  100-ma.  shunts  are  made  by 
using  ordinary  copper  magnet  wire  wound  on 
short  lengths  of  34 -inch  bakelite  rod,  with  pig- 
tail  leads. 

•  VACUUM-TUBE  VOLTMETERS 

In  the  measurement  of  audio-frequency  and 
radio-frequency  voltages,  where  the  use  of  a 
power-consuming  measuring  device  is  unsatis- 
factory  because  of  the  small  power  in  the 
circuit,  the  vacuum-tube  voltmeter  finds  wide 
application.  Most  vacuum-tube  voltmeters 
used  by  amateurs  measure  peak  voltages.  The 
voltmeter  tube,  which  may  be  a  triode  or 


screen-grid  type,  is  biased  nearly  to  plate 
current  cut-o£f,  a  current  of  a  fraction  of  a 
milliampere  being  taken  as  a  reference,  called 
the  “false  zero.”  When  a  voltage  is  applied 
between  grid  and  cathode  the  plate  current  will 
rise;  the  grid  bias  voltage  is  then  increased 
until  the  plate  current  returns  to  the  false  zero. 
The  additional  bias  voltage  required  to  bring 
the  plate  current  back  to  the  reference  value 
will  be  equal  to  the  peak  value  of  the  signal 
being  measured.  Because  the  measurements  of 
the  peak  voltmeter  are  substantially  inde¬ 
pendent  of  wave-form,  this  type  of  voltmeter 
is  useful  in  audio  and  radio-frequency  measure¬ 
ments  since  the  capacities  of  vacuum  tubes  are 
determined  by  the  peak  voltages  and  currents 
which  must  be  handled.  A  simple  but  entirely 
practical  voltmeter  of  this  type  is  shown  in 
Fig.  1724.  It  is  known  as  the  “slide-back” 
type.  In  operation,  R\  is  turned  all  the  way  to 
the  right,  with  zero  reading  on  the  voltmeter  V. 
Ri  is  then  adjusted  until  the  desired  ‘‘false 
zero”  point  is  read  on  the  milliammeter  N. 
The  voltage  to  be  measured  is  then  applied, 
causing  the  milliammeter  reading  to  increase. 
Ri  is  then  adjusted  until  false  zero  again  is 
read  on  Af,  whereupon  the  voltmeter  will  read 
the  voltage  being  measured.  If  the  voltage  to 
be  measured  is  greater  than  9  volts,  additional 
bias  can  be  placed  at  the  point  marked  X,  the 
exact  value  being  read  by  an  auxiliary  volt¬ 
meter. 

Another  common  form  of  simple  vacuum- 
tube  voltmeter  is  the  r.m.s.  type,  utilizing  a 
diode  rectifier.  The  indicator  portion  of  the 
absorption  frequency  meter  shown  in  Fig. 
1704  is  of  this  type.  If  Ri  is  increased  to  0.25- 
megohm,  any  a.c.  or  r.f.  voltage  can  be  read 
without  appreciable  circuit  loading  or  fre¬ 
quency  error.  The  meter  can  be  calibrated 
from  60-cycle  a.c.  if  desired.  It  should  be  re- 
membered  that  the  readings  are  r.m.s.,  or  0.707 
times  peak  values  in  the  case  of  a  sine  wave. 
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Fig.  1724 —  Simple  peak-type  slide-back  vacuum- 
tube  voltmeter. 

Ci  —  500-p/ifd.  mica  fixed  condensor. 

Ca  —  0.01 -gfd.  mica  fixed  condenser. 

Rl  —  2000-ohm  wire-wonnd  poten tiometer. 

Ra  —  1000-ohm  wire-wound  potcntiometer. 

SWi,a,8  —  Battery  on-o£f  switches;  may  bc  ganged. 

M  —  0-1  milliammeter  (any  low-range  milliammeter 
or  microammeter  may  be  used). 

V  —  0-10  voltmeter,  1000  ohms  per  volt. 

A  diode-rectifier  voltmeter  of  this  type  is 
especially  useful  as  a  neutralization  indicator, 
since  it  is  much  more  sensitive  to  r.f.  than 
neon  bulbs,  etc. 

•  FIELD-STRENGTH  METERS 

A  useful  item  in  the  equipment  of  the  ad- 
vanced  radio  amateur  is  the  field-strength 
meter.  lts  uses  are  numerous,  the  more  impor¬ 
tant  being  the  ability  it  lends  correctly  to 
adjust  antenna  and  transmitter  characteristics 
under  actual  radiating  conditions.  This  facility 
is  of  particularly  great  importance  on  the  ultra- 
high  frequencies,  where  an  effective  field- 
strength  meter  represents  about  the  only  re- 
liable  method  of  adjustment,  especially  on  low- 
power  equipment  or  with  directive  antennas. 

The  absorption  frequency  meter  with  diode- 
voltmeter  indicator  shown  in  Figs.  1703-04 
can  be  used  as  a  field  strength  meter,  if  it  is 
provided  with  a  pick-up  antenna.  An  inex- 
pensive  collapsible  automotive-type  antenna, 
working  against  ground  (chassis),  can  be  used. 
A  few  turns  of  wire  wound  around  the  proper 
coil  for  the  frequency  in  use  will  serve  to  cou- 
ple  the  antenna  to  the  tuned  circuit.  The  mi¬ 
croammeter  scale  will  read  approximately 
linearly  with  voltage,  a  characteristic  that  is 
advantageous  in  making  certain  types  of  com- 
parative  measurements.  Radiated  power  varia- 
tions  will,  of  course,  be  as  the  square  of  the 
field  voltage  indication.  Readings  should 
always  be  made  at  distances  of  several  wave- 
lengths  from  the  antenna. 

A  simple  field  strength  meter  particularly 
suitable  for  work  in  the  ultra-high  frequency 
region  is  shown  in  Fig.  1725.  Essentially, 
the  meter  consists  of  an  acorn  triode  oper- 
ated  with  very  low  plate  voltage  and  biased 


to  cut-oS,  constituting  a  linear  detector. 
When  the  signal  under  observation  is  tuned  in, 
rectification  occurs,  and  the  plate  current  in- 
crement  is  read  on  the  microammeter.  Among 
the  uses  to  which  this  meter  can  be  put  are:  (1) 
Measuring  comparative  transmitter  outputs 
under  different  adjustments.  (2)  Neutralizing 
amplifiers  (using  only  a  pick-up  coil,  without 
the  antenna).  (3)  Measuring  comparative  an¬ 
tenna  radiation  under  different  adjustments. 
(4)  Deriving  field-strength  patterns  of,  and 
adjusting,  u.h.f.  beam  antennas. 

A  more  sensitive  field-strength  meter  of  use 
in  examining  the  field-strength  patterns  of 
lower-frequency  antenna  Systems  is  shown  in 
Figs.  1726-27.  It  consists  of  a  diode  rectifier 
and  d.c.  amplifier  in  the  same  envelope.  The 
initial  plate  current  reading  is  in  the  neighbor- 
hood  of  1.4  milliamperes;  with  signal  input,  the 
current  dips  downward.  The  scale  reading  is 
linear  with  signal  voltage.  With  a  1.5-milliam- 
pere  meter,  field  strengths  of  fractional  milli- 
volts  register  on  the  meter,  if  a  copper-rod 
antenna  two  or  three  feet  long  is  used. 

•  INTERMEDIATE  FREQUENCY  TEST 

OSCILLATOR 

An  oscillator  built  according  to  Fig.  1705 
can  be  used  to  provide  a  means  of  obtaining 
a  strong  and  steady  signal  for  alignment  of  the 
i.f.  amplifier  stages  of  low-  and  high-frequency 
superheterodynes.  Without  an  oscillator,  such 
alignment  becomes  a  slow  and  difficult  task, 


Fig.  1725  —  Simple  field-strength  meter. 

Ci  —  30-ji#ifd.  adjustable  mica  trimmer  condenser. 

Ca  —  35-wtfd.  midget  air  trimmer  condenser. 

Cs  —  250-/i/ifd.  midget  mica  fixed  eondenser. 

Ri  —  1000-ohm  midget  potentiometer. 

L  —  50-80  Mc.:  7  turns  No.  14  tinned  wire,  3^-inch  dia. 
1-inch  long. 

25-40  Mc.:  10  turns  No.  14  tinned  wire,  %-iocb 
dia.  1-inch  long. 

12-20  Mc.:  20  turns  No.  16  enamcl  wire,  close- 
wound  on  J^-inch  diameter  bakelite  tnbing. 

6-10  Mc.:  37  turns  No.  22  enamel  wire,  close- 
wound  on  %-inch  tube. 

3-5  Mc.:  75  turns  No.  30  d.s.c.  wire,  close-wound 
on  J^-inch  tube. 

1.5-2.5  Mc.:  75  turns  No.  30  d.s.c.  wire,  close- 
wound  on  2-ineh  tube. 

M — 0-200  microamperes  (a  higher -range  meter,  al- 
though  not  as  satisfactory,  can  be  used). 
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Fig.  1726 —  Sensitire  field-strength  meter.  This 
meter  isparticularly  useful  on  the  lower-frequency  ama¬ 
teur  bands;  it  can  be  used  for  both  transmitter  and  an¬ 
tenna  adjustment,  and  in  making  field-strengtb  pattems. 

and  is  often  left  at  an  unfinished  and  unsatis- 
factory  state. 

The  test  oscillator  should  be  shielded  rather 
carefully  so  that  direct  pickup  from  the  coil  is 
eliminated.  Ordinarily,  there  is  no  requirement 
for  calibration  of  the  oscillator,  since  most 


Fig,  1727  —  The  two-stage  field-strength  meter  cir¬ 
cuit  diagram. 

Ci  —  50-a^fd.  midget  variatie  condenser. 

Ca  — 250-ppfd.  midget  mica  fixed  condenser. 

Ca  —  0.002 -afd.  midget  mica  fixed  condenser. 

Ri  —  1-megohm  J^-watt  fixed  resistor. 

L  —  Wound  on  lj^-inch  coil  forms,  winding  length 
1J4  inches,  diode  tap  in  center  of  coil: 

1.5-3  Mc.:  58  turns  No.  28  d.s.c.  wire,  close-wound. 
3-6  Mc.:  29  turns  No.  20  enamel  wire,  close- 
wound. 

6-12  Mc.:  15  turns  No.  20  enamel  wire,  spaccd. 
11-22  Mc.:  8  turns  No.  20  enamel  wire,  spaced. 
20—40  Mc.:  4  turns  No.  20  enamel  wire,  spaced. 
(Above  ranges  are  approximate  only.) 

M  —  0-1.5  milliamperes. 

The  filament  battery  consists  of  two  fiashlight  cells 
wired  in  parallel.  The  plate  battery  is  a  small  portable 
"B”  battery,  Burgess  type  Z30P. 

Care  should  be  taken  to  connect  the  diode  plate  on 
the  negative  filament  leg,  otherwise  an  initial  bias  will 
be  placed  on  the  rectifier  and  it  will  not  function 
properly. 


superheterodynes  are  equipped  with  a  crystal 
filter,  so  that  the  crystal  of  the  receiver  will 
determine  the  frequency  at  which  the  oscillator 
will  be  operated. 

Essentially,  this  i.f.  test  oscillator  consists  of 
a  simple  e.c.o.  unit  with  two  plug-in  coils  and  a 
high-C  padded  tuning  circuit.  Only  relatively 
narrow  ranges  are  provided  by  the  tuning  con¬ 
denser  used,  since  the  intermediate  frequencies 
of  communication  receivers  are  fairly  uni- 
formly  fixed  in  the  neighborhoods  of  460  kc. 
and  1600  kc. 

If  a  modulated  signal  is  desired  from  the 
oscillator,  the  positive  plate  supply  connection 
may  be  made  to  the  power  supply  at  the  out¬ 
put  of  the  rectifier  rather  than  at  the  usual 
filter  output  terminal. 

For  alignment  of  the  r.f.  and  oscillator  cir¬ 
cuits,  the  same  oscillator  can  be  made  to  serve, 
with  plug-in  coils  covering  the  various  amateur 
bands.  Alternatively,  harmonies  from  the 
frequency  meter  can  be  used;  an  isolating  am- 
plifier  and  attenuator  in  the  frequency  meter 
are  desirable  for  this  application. 

•  AUDIO  TEST  OSCILLATOR 

For  most  adjustments  on  ’phone  transmit- 
ters  it  is  desirable  to  have  some  form  of  con- 
stant-voltage,  adjustable-frequency  sine-wave 
source  of  a.f.  voltage. 

A  simple  and  inexpensive  device  fulfilling 
these  requirements  is  shown  in  Figs.  1728  and 
1729.  A  dual  triode  is  used  as  a  simple  sine- 
wave  audio  oscillator  of  the  capacity-feedback 
type.  Six  frequencies  are  provided  —  roughly 
100,  400,  1000,  3000,  5000  and  10,000  cydes  — 
with  Standard  capacities  and  inductances.  An 
output  control  varies  the  level  from  zero  to  the 
maximum  (depending  on  loading  and  plate 
voltage)  of  several  volts. 


•  CATHODE-RAY  OSCILLOSCOPES 

Perhaps  the  most  useful  of  all  measuring  and 
testing  devices  is  the  cathode-ray  oscilloscope. 


Fig.  1 728  —  Twin -triode  audio  oscillator  for  adjust- 
ing  ’phone  transmitters  and  audio  systems.  Construc- 
tion  is  simplified  hy  attaching  all  condensers  and  re* 
sistors  to  tie  strips  and  wiring  between  terminal  lugs. 
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Although  relatively  expensive,  its  applications 
are  so  numerous  that  it  can  be  used  to  replace  a 
number  of  other  less  satisfactory  types  of 
measuring  equipment.  It  is  particularly  suited 
to  r.f.  and  a.f.  voltage  measurements  because  it 
does  not  consume  power  from  the  source  being 
measured. 

The  circuit  diagram  of  a  simple  cathode-ray 
oscilloscope  is  given  in  Fig.  1731.  In  building 
such  a  unit  one  precaution,  in  particular,  must 
be  observed:  the  tube  must  be  placed  so  that 
the  alternating  magnetic  field  from  the  trans- 
former  has  no  effect  on  the  electron  beam.  Fig. 
1732  shows  the  placement  of  the  power  trans- 
former  and  cathode-ray  tube  used  in  this 
'scope  to  prevent  electro-magnetic  coupling 
between  transformer  and  electron  beam  of 
tube.  The  transformer  is  directly  bebind  the 
base  of  the  c.-r.  tube  with  axis  of  transformer 
winding  and  axis  of  tube  common. 


Fig.  1730 —  Oscilloscope  using  902  2 -inch  tube, 
housed  in  a  5  x  10  x  3-inch  chassis  with  bottom  plate. 


Fig.  1731  —  Circuit  of  the  simple  2-inch 

oscilloscope. 

C  —  2-mfd.,  900-volt  working  electrolytic 
(Cornell-Dublier  JR-544  with  sections 
series  -conn  ected) . 

Ri  —  100,000-ohm  potentiometer  (Ccntralab 
Midget). 

Ra  —  50,000-obm,  1-watt  carbon. 

Ra  —  200,000-ohm,  2-watt  carbon. 

R4  —  100,000-ohm,  potentiometer  with  switch 
(Centralab  Midget). 

RFC  —  2.5-mh.,  125-ma.  r.f.  choke,  optional 
(for  correcting  leaning  patterns  due  to 
r.f.  coupling). 

SWi  —  S.p.d.t.  toggle  switch,  250-voIt,  1-amp. 
rating. 

SWa  —  Potentiometer  switch  (s.p.s.t.)  on  Ri. 

T  —  Receiver-type  power  transformer  deliver- 
ing  325-0-325  v.a.c.  at  40  ma.,  5  volts 
at  3  amp.,  6.3  volts  at  2  amp.  (Thor- 
darson  T-13R11). 


Fig.  1729  —  Audio  signal  generator  circuit  diagram. 
Ci,  Ca,  C4,  Cs  —  0.1-iifd.  400-voIt  tubular  paper. 

Ca  —  10-ufd.  25-volt  tubular  electrolytic. 

Ca  —  0.01-afd,  400-volt  tubular  paper. 

C 7  —  0.002-iifd.  midget  mica. 

Ca  —  0.0005-afd.  midget  mica. 

Rl,  Ra  —  50,000-ohm,  H-watt. 

Ra  —  0.3-megohm,  J^-watt. 

R4  —  1000-ohm,  ^2-watt. 

Ra  —  50,000-ohm  potentiometer. 

Li  — 7-henry  iron-core  reactor  (Thordarson  T-13C26). 
La  —  125-mh.  iron-core  r.f.  choke. 


No  intensity  control  pro vision  is  made  in 
this  oscilloscope  —  it  is  operated  at  maximum 
at  all  times.  Accordingly,  it  is  quite  important 
that  some  provision  be  included  for  switching 
off  the  electron  beam,  reducing  the  spot  in¬ 
tensity,  or  swinging  the  beam  to  one  side  of  the 
scope  with  d.c.  bias  during  periods  of  no  trans- 
mission,  when  the  pattern  would  be  confined  to 
a  thin,  bright  line  or  a  small  spot  of  high  in¬ 
tensity.  This  must  be  done  to  prevent  “burn- 
ing”  the  screen  of  the  c.-r.  tube. 

If  trouble  is  experienced  in  getting  a  pattern 
from  a  high-power  transmitter  because  of 
r.f.  voltage  on  the  110- volt  supply  line,  two 
blocking  condensers,  0.01-  to  0.1-microfarad, 
may  be  connected  in  series  across  the  primary 
of  the  power  transformer  in  the  'scope  with 
their  common  tap  grounded  to  the  metal  case. 

The  cabinet  is  in  reality  a  3-  by  5-  by  10-inch 
eraekle-finished  steel  chassis  with  bottom  cover 
plate  —  all  turned  up  on  one  edge  for  greater 
eompactness  and  improved  appearance.  The 
shielding  provided  by  this  box  is  highly  desir- 
able  for  prevention  of  stray-field  interference 
in  the  patterns  obtained. 
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+  450  V  -  É..3V.  6-3V.  63V  63V  +  400-600V. 


Fig.  1733  —  Complete  circuit  diagram  of  sweep-circuit  oscilloscope. 

Cj  —  0.1-afd.  600-voIt  paper.  R3  —  50,000  ohms,  1-watt.  Ris  —  500,000-ohm  potentiometer. 

Ca  —  0.25-nfd.  600-volt  paper.  R4  —  75,000  ohms,  1-watt.  R19,  R20  —  5-megohm  potentiometer. 

Ca  —  8-iifd.  500-volt  electrolytic.  Rc,  Re  —  30,000  ohms,  1-watt.  Rai  —  100,000  ohms,  1-watt. 

C4  —  0.0001-jifd.  400-volt  paper.  R7,  Rs  —  1-meg.  potentiometer.  R22  —  150,000  ohms,  1-watt. 

Cs  —  0.001-iifd.  400-volt  paper.  Re,  R10  —  5-meg.  M-watt.  Rï8  —  500,000-ohm  potentiometer. 

Co  —  0.005-jifd.  400-volt  paper.  R11  —  1000  ohms,  1-watt.  R24  —  1000  ohms,  J^-watt. 

C7  —  0.025-jjfd.  400-volt  paper.  R12  —  300,000  ohms,  1-watt.  Si,  S2,  Ss  —  S.p.s.t.  toggle. 

Cs  —  0.01-Tifd.  400-volt  paper.  R13  —  40,000  ohms,  1-watt.  S4,  Ss,  Ss  —  S.p.d.t.  toggle. 

Ce  —  5-nfd.  25-volt  (electrolytic).  Ru  —  50,000-ohm  wire-wound  rheo-  Se  —  6-eontact  selector  switch. 

C10  —  16-afd.  (8-8  parallel)  500-volt  stat.  S7  —  Snap  switeh  mounted  on  R18. 

electrolytie.  Ris- — 6000  ohms,  2 -watt.  Li,  1.2  —  25-mh.  ehoke. 

Ri  —  300,000  ohms,  1^-watt.  Rie  —  1500  ohms,  1-watt.  L3  —  30-henry  15  ma.  choke. 

Rï  —  25,000  ohms,  1-watt.  R17  —  50,000-ohm  rheostat.  Pt,  P2,  Ps  —  Jeweled  pilot  lamps. 

In  this  oscilloscope  the  horizontal  sweep  is  not  essential,  for  actual  studies  of  wave  form 

voltage  can  be  obtained  either  from  an  audio-  the  linear  time  axis  is  necessary.  The  sweep  cir- 

frequency  source  (such  as  the  modulator  stage  cuit  proper  usually  employs  a  grid-controlled 

of  a  transmitter)  or  from  the  60-cycle  line.  Us-  gaseous  discharge  tube,  the  884  (especially 

ing  an  a.f.  horizontal  sweep,  the  pattern  ap-  designed  for  this  purpose),  operating  as  a 

pearing  on  the  screen  will  be  in  the  form  of  a  relaxation  oscillator.  In  operation,  the  sweep 

trapezoid  or  triangle  (depending  on  the  per-  circuit  is  connected  to  the  horizontal-deflection 

centage  of  modulation)  when  checking  trans-  plates  of  the  existing  oscilloscope.  The  voltage 

mitter  performance.  Practical  application  of  under  observation  is  connected  to  the  vertical- 

this  method  is  outlined  in  Chapter  16.  deflection  plates,  and  the  resulting  picture 

Although  for  many  amateur  applications  the  is  an  accurate  representation  of  the  wave  shape 

use  of  a  sweep  circuit  having  a  linear  time  base  of  the  voltage  being  examined. 


Fig.  1 732  —  Side  view  of  the  2-inch 
’seope  with  cover  removed.  In  this 
view  can  be  geen  tbe  moimting  of  the 
cathode-ray  tube,  and  rectifier  for 
easy  connection  to  the  flexible  leads 
of  the  power  transformer.  Two  small 
feed-through  insulators  serve  as 
terminals  for  external  horizontal-  and 
vertical-sweep  connection,  while  a 
machine  serew  through  the  rearof  the 
chaBsis  serves  as  the  eommon  ground 
terminal.  Note  the  location  of  the 
power  transformer  not  only  outside 
the  steel  shield  chassis  but  also  di- 

rectly  behind  the  c.-r.  tube,  with  the 

axis  of  the  transformer  winding  along 
the  axis  line  of  the  tube. 
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WWV  SCIIEDULES 

5000  kc.:  Continuously,  with  440-cycle 
tone  modulation,  except  during  special 
broadcast  periods  noted  below. 

SPECIAL  BROADCASTS 

5000  kc.:  Tuesday,  Wednesday  and  Fri- 
day,  10:00  a.m.  to  11:30  a.m.,  E.S.T. 
10,000  kc.:  Tuesday,  Wednesday  and 
Friday,  Noon  to  1:30  p.m.,  E.S.T. 
20,000  kc.:  Tuesday,  Wednesday  and 
Friday,  2:00  to  3:30  p.m.,  E.S.T. 

The  Tuesday  and  Friday  special 
broadcasts  are  unmodulated  c.w.  except 
for  1-second  standard-time  intervals 
consisting  of  short  pulses  with  1000- 
cycle  modulation.  On  Wednesday  spe¬ 
cial  broadcasts  the  carrier  is  modulated 
with  1000-cycle  tone. 

Accuracy  of  all  frequencies,  including 
audio  modulating  frequencies,  is  better 
than  1  part  in  5,000,000. 


External  amplifiers,  usually  of  the  resist- 
ance-coupled  type  to  provide  high  gain  with 
wide  frequency  range  and  low  distortion,  are 
useful  in  most  applications.  Cathode-ray 
tubes,  with  sensitivity  of  perhaps  100  volts 


per  inch,  are  not  suitable  for  use  with  poten- 
tials  of  less  than  several  volts. 

An  example  of  a  linear  sweep  circuit  applied 
to  a  2-inch  cathode-ray  tube  is  shown  in  Fig. 
1733.  The  circuit  elements  in  the  center  of  the 
diagram  comprise  the  sweep  circuit.  The  884 
generates  the  saw-tooth  sweep  voltages,  while 
the  6J7  acts  as  a  current-limiting  pentode  to 
ensure  linearity.  A  resistance  synchronization 
control  (#18)  is  used. 

High-gain  vertical  and  horizontal  amplifiers 
using  6J7’s  are  provided,  with  inductance  com- 
pensation  in  the  plate  circuits  to  extend  the 
frequency  range.  Alternatively,  inputs  can  be 
applied  directly  to  the  deflection  platos  to 
avoid  any  amplifier  distortion  if  desired.  In  that 
case  #i9  and  #20  serve  as  input  leve!  Controls. 

The  remaining  Controls  are:  intensity  con¬ 
trol,  #2;  focussing  control,  #3;  horizontal  and 
vertical  spot  positioning  Controls,  #7  and  #s; 
sweep  amplitude  control,  #14;  sweep  frequency 
vernier,  #17;  amplifier  input  level  Controls, 
#23.  Numerous  switches  control  all  circuits 
independently. 

Constructional  precautions  include  the 
placement  of  parts  so  the  902  is  not  affected  by 
transformer  fields.  Amplifier  input  and  output 
leads  should  be  direct  and  placed  well  clear  of 
other  components  to  avoid  frequency  distor¬ 
tion  and  unwanted  pick-up. 

Properly  built  and  used,  a  versatile  oscillo- 
scope  such  as  this  makes  an  instrument  cap- 
able  of  handling  many  measurement  and  test- 
ing  problems. 
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Emergency,  Portable  and  Rural  Applications  —  Power  and 
Supply  Systems — Transmitting  and  Receiving  Apparatus 


Emergency  self-powered  equipment  is  no 
longer  a  nice  toy  to  play  with  when  regular 
amateur  activities  pall;  it  has  become  the 
moral  obligation  of  every  amateur  to  be  pre- 
pared  in  case  of  any  Communications  emer¬ 
gency.  Large-scale  disasters  during  the  past 
few  years  have  demonstrated  the  tremendous 
value  of  amateur  emergency  stations  in  relay- 
ing  relief  messages  when  all  other  communica- 
tion  channels  are  closed.  Aside  from  the  all-im- 
portant  emergency  phase,  the  use  of  portable 
equipment  has  lately  been  extended  through 
organized  activity  in  the  annual  “Field  Days,” 
and  the  problem  of  providing  equipment  suit- 
able  for  use  in  rural  districts,  where  commer¬ 
cial  power  is  not  available,  has  always  been 
with  us.  Recent  developments  have  furnished 
approaches  to  the  Solutions  of  some  of  the 
problems,  and  it  is  the  purpose  of  this  chapter 
to  analyze  and  summarize  the  general  consider- 
ations  involved  in  the  self-powered  field,  and 
to  offer  certain  suggestions. 

The  most  vital  need  for  self-powered  equip¬ 
ment  occurs  in  connection  with  emergency  ac- 
tivity,  and  the  basic  design  of  all  such  equip¬ 
ment  should  be  predicated  on  emergency  use. 
Every  amateur,  no  matter  where  he  may  be 
located,  can  reasonably  expect  that  sometime 
he  may  be  called  upon  to  perform  emergency 
Communications  duty,  and  it  is  his  responsibil- 
ity  to  the  public  welfare,  to  himself,  and  to 
amateur  radio  as  a  whole  to  see  that  he  is  in 
some  measure  prepared. 

It  is  not  to  be  expected  that  every  amateur 
will  prepare  himself  for  an  emergency  by  hav- 
ing  available  a  complete  and  separate  self- 
powered  station,  although  a  large  number  of 
individuals  and  club  groups  do  so.  There  is, 
however,  no  reason  why  every  amateur  cannot 
prepare  his  station  for  an  emergency  by  having 
an  emergency  power  supply  ready  and  a  quick 
means  for  utilizing  all  or  part  of  his  regular  sta¬ 
tion  equipment  as  an  emergency-powered  sta¬ 
tion.  The  emergency  power  supply  can  be  any- 
thing  from  a  small  vibrator  supply  and/or  bat- 
teries  to  a  large  gasoline-driven  generator.  It  is 
the  purpose  of  this  chapter  to  present  data  on 
available  types  of  self-powered  supplies  and  to 
show  how  regular  station  equipment  can  be 
prepared  for  emergency  applications. 

If  it  is  considered  desirable  to  build  separate 
portable/emergeney  equipment,  the  small  re- 


ceivers  and  transmitters  described  in  Chapters 
Eight  and  Ten  are  recommended. 

Choice  of  Power  Supply 

There  is  a  comparatively  wide  variety  of 
self-generating  power  sources  from  which  to 
choose.  An  analysis  of  the  numerous  available 
types  should  disclose  which  is  the  most  suitable 
in  the  light  of  specific  requirements,  based  on 
the  criteria  of  utility,  efficiency,  performance 
and  cost. 

Dry  batteries :  Dry-cell  batteries  are  the 
Standard  primary  electrical  energy  source. 
They  are  ideal  for  receiver  and  low-power 
transmitter  supplies  because  they  provide 
steady,  pure  direct  current  with  almost  zero 
regulation.  Their  disadvantages  are  weight, 
high  cost  and  limited  current  capability.  In 
addition,  they  will  lose  their  power  even  when 
not  in  use  if  allowed  to  stand  for  periods  of  a 
year  or  more.  This  makes  them  uneconomical 
if  not  used  more  or  less  continuously. 

Table  1  shows  the  life  to  be  expected  from 
representative  types  of  batteries  under  various 
current  drains,  based  on  intermittent  service 
simulating  typical  operation.  Continuous  serv¬ 
ice  life  will  be  somewhat  greater  at  very  low 
current  drains  and  from  one-half  to  two-thirds 
the  intermittent  life  at  the  higher  current  values. 

The  life  figures  given  in  the  table  are  based 
on  an  end-point  of  34  volts.  This  is  considered 
to  be  the  normal  limit  in  average  equipment. 
With  suitable  design  of  the  apparatus  to  enable 
it  to  operate  satisfactorily  on  about  half  volt¬ 
age,  the  end-point  can  be  extended  to  24  volts, 
adding  approximately  50%  to  the  life  of  the 
battery  in  average  use. 

The  secret  of  long  battery  life  at  normal  cur¬ 
rent  drains  lies  in  intermittent  operation.  The 
duration  of  “on”  periods  should  be  reduced  to 
a  minimum.  The  more  frequent  the  rests  given 
a  dry-cell  battery,  the  longer  it  will  last.  As  an 
example,  one  Standard  type  will  last  50% 
longer  if  it  is  operated  for  intervals  of  one  min- 
ute  with  five  minutes’  rest  in  24-hour  intermit¬ 
tent  operation  than  if  it  is  operated  continuously 
for  four  hours  per  day,  although  the  actual 
wattage  consumption  in  the  24-hour  period  is 
the  same. 

Storage  batteries:  The  most  universally  ac- 
ceptable  self-contained  power  source  is  the 
storage  battery.  It  has  high  initial  capacity  and 
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eau  be  recharged,  so  that  its  effective  life  is 

practically  indefinite.  It  can  be  used  to  provide 
filament  or  heater  power  directly,  and  plate 
power  through  associated  devices  such  as 
vibrator-transformers,  dynamotors  and  gene- 
motors,  and  a.c.  converters.  For  emergency 
work  a  storage  battery  is  a  particularly  success- 
ful  power  source  since  practically  no  matter 
what  the  circumstances  such  batteries  are 
available.  In  a  serious  emergency  it  would  be 
possible  to  obtain  6-volt  storage  batteries  as 
long  as  there  were  automobiles  to  borrow  them 
from  and,  for  this  reason,  the  6-volt  storage 
battery  makes  an  excellent  unit  around  which 
to  design  the  low-powered  p/e  station. 

For  maximum  efficiency  and  usefulness  the 
power  drain  on  the  storage  battery  should  be 
limited  to  15  or  20  amperes  from  the  ordinary 
100-  or  120-ampere-hour  6-volt  battery.  This 
should  provide  a  carrier  power  when  transmit- 
ting  of  20  to  30  watts,  which  is  usually  ade¬ 
quate.  In  connecting  the  battery,  heavy  leads 


of  the  automotive  cable  type  should  be  used,  to 

minimize  the  voltage  drop;  ordinary  car-re- 
ceiver  leads  are  definitely  not  satisfactory. 
Similarly,  heavy-duty  low-resistan.ce  switches 
are  required. 

Vibrator-Transformers:  The  vibrator-trans- 
former  consists  of  a  specially-designed  trans- 
former  combined  with  a  vibrating  interrupter. 
When  the  unit  is  connected  to  a  storage  battery 
the  circuit  is  made  and  broken  rapidly  by  the 
vibrator  contacts  and  the  pulsating  d.c.  which 
flows  in  the  primary  of  the  transformer  causes 
an  alternating  voltage  to  be  developed  in  the 
secondary.  This  high-voltage  a.c.  is  in  turn 
rectified,  either  by  a  vacuum-tube  rectifier  or 
by  an  additional  synchronized  pair  of  vibrator 
contacts,  and  filtered,  providing  outputs  as 
high  as  400  volts  at  200  ma.  Tube  rectifiers  are 
ordinarily  used  only  when  the  negative  side  of 
the  circuit  cannot  be  grounded,  a  requirement 
with  the  self-rectifying  type.  The  high-voltage 
filter  circuit  is  usually  identical  with  that  of  an 


TABLE  I  —  BATTERY  SERVICE  HOURS 

Estimated  to  34-volt  end  point  per  nominal  45-volt  section 
Based  on  inteimittent  ure  of  3  to  4  hourt  daily 
(For  batteiies  manufactured  tn  U.  S.  A.  only) 


Manufacturer's 
Typ©  No. 

Welght 

Current  Drain  in  Ma. 

Eveready 

Lb. 

Oz. 

5 

10 

15 

20 

25 

30 

40 

50 

60 

75 

100 

150 

386 

14 

— 

BT<!'U 

1100 

690 

510 

mm 

320 

200 

170 

130 

50 

30 

486 

13 

5 

1700 

880 

550 

395 

300 

240 

165 

125 

100 

mm 

45 

20 

586 

12 

2 

1400 

800 

530 

380 

260 

185 

130 

85 

60 

40 

30 

14 

485 

9 

3 

1000 

525 

375 

250 

135 

100 

60 

mm 

20 

15 

7.5 

585 

8 

13 

900 

450 

290 

mum 

130 

100 

60 

45 

25 

20 

11 

5 

762 

3 

3 

320 

140 

81 

54 

37 

27 

— 

— 

— 

— 

— 

— 

482 

2 

— 

320 

140 

81 

54 

37 

27 

— 

— 

— 

— 

— 

— 

738 

1 

2 

160 

70 

30 

Ka 

KEI 

7 

— 

— 

— 

— 

— 

— 

733 

— - 

10 

50 

20 

11 

■n 

5.2 

— 

— 

— 

— 

— 

— 

— 

45  5> 

— 

8.6 

70 

20 

11 

m 

5.2 

— 

— 

— 

— 

— 

— 

— 

'Same  life  flgures  apply  to  467,  67  Vs-volt,  10.5  oz. 


Estimated  to  1-rolt  end-polnt  per  1.5-volt  unit 
Based  on  intermittent  use  of  3  to  4  hours  daily 
(For  batteries  manufactured  in  U.  S.  A.  only) 


Manufacturer’s 
Type  No. 

Welght 

Volt¬ 

age 

Current  Drain  in  Ma. 

Eveready 

Lbs. 

Oz. 

50 

60 

120 

150 

175 

180 

200 

240 

250 

300 

350 

A-1300 

8 

4 

1.25 

2000 

1715 

1500 

1333 

1250 

1200 

1000 

854 

740 

6 

12 

1.5 

1400 

1200 

1050 

775 

625 

741' 

2 

14 

1.5 

1100 

750 

375 

KH9 

275 

215 

175 

743 

2 

1 

1.5 

750 

325 

245 

180 

135 

110 

7111 

2 

2 

1.5 

700 

320 

200 

120 

90 

742 

1 

6 

1.5 

500 

325 

155 

135 

100 

95 

85 

50 

A-2300 

15 

8 

2.5 

2000 

1715 

1500 

1333 

1250 

EE&1 

854 

723 

1 

— 

3.0 

240 

100 

70 

40 

30 

746 

1 

3 

4.5 

200 

718* 

3 

6.0 

375 

1  Same  life  tigures  apply  to  745,  wt.  3  Ibs. 
-  Same  life  figures  apply  to  747,  wt.  3  ibs. 
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TABLE  II— VIBRATOR  SUPPLIES 


Manufacfurer’s  Type  No. 

Output 

Rectilior 

Output  Filter 

Am.  Television 
and  Radio  Co. 

Electronic 

Labs 

Mallory 

Radiart 

Volts 

Ma. 

VP-5511 

125-150- 

175-200 

100  max. 

Syn. 

None 

42042 

100-150- 

250 

35-40-60 

Syn. 

None 

605 

1 50-200- 
250-275 

35-40- 

50-65 

Syn. 

None 

604s 

VP-5521 

4203' 

225-250- 

275-300 

50-65- 

80-100 

Syn. 

None 

251' 

300 

Tube 

Yes 

VP-555 

300 

200 

Tube 

Yes 

VPM-67 

31 1 8 

M  v  yn  » 

50-75- 

100-125 

Tube 

Yes 

VP-557 

400 

150 

Tube 

Input  con¬ 
densor  only 

6069 

325-350- 
375-400 
and  110  a.c. 
60  cycle 

125-150- 

175-200 

20  watts 

Tube 

8  fx fd. 

Alt  inputi  6  volts  d.c. 

1  VP-553  same  with  tube  rectifier. 

2  4204F  iame  with  filter. 

2  601  same  with  tube  rectifier;  602  same  except  12  v.  d.c.  input 
and  tube  rectifier;  603  same  except  32  v.  d.c.  input  and  tube 
rectifier. 

*  VP-554  same  with  tube  rectifier;  VP-G556  same  except  12 
v.  d.c.  input;  VP-F558  same  except  32  v.  d.c.  input. 


unless  otherwise  noted. 

'  Alao  avnilable  without  filter. 

3  511  same  except  12  v.  d.c.  Input. 

'Input  6  v.  d.c.  or  110  v.  a.c .;  607  same  except  12  v.  d.c.  or 
1 1 0  v.  a.c.  Input;  608  same  except  32  v.  d.c.  or  1 1 0  v.  a.c.  Input; 
609  same  except  1 10  v.  d.c.  or  1  f  0  v.  a.c.  Input. 


TABLE  III  — DYNAMOTORS 


Manulacturer's  Type  No. 

Input 

Output 

Weight 

Carter 

Eicor 

Pioneer 

Volts 

Amps. 

Volts 

Ma. 

Lbs, 

1 35A 

6 

1.8 

135 

30 

6% 

1  BOA 

6 

2.2 

180 

30 

6% 

240A 

6 

3.3 

40 

6% 

21 0A 

6 

6.3 

100 

6Vs 

220A 

6 

13 

200 

200 

6Vs 

250A 

1021 

E1W2722 

6 

5 

250 

50 

6% 

251 A 

6 

9 

250 

100 

6% 

277  A 

6 

6 

275 

75 

6% 

301 A 

106' 

6 

9.7 

300 

100 

6Vs 

31 5  A 

E2W2435 * 

6 

15 

300 

150 

7% 

320A 

B 

6 

19 

200 

9Vï 

351 A 

- 

6 

10 

100 

6  Vs 

355A 

108 

E2W2564 

6 

15 

350 

150 

77/a 

352A 

6 

22 

200 

9'/4 

401 A 

6 

13 

400 

100 

77/b 

E2W438 

6 

14.2 

400 

125 

9  Va 

41 5  A 

109' 

6 

20 

400 

150 

77/a 

420A 

6 

25 

400 

200 

9’/s 

425A 

RA1W201» 

6 

30 

400 

225 

9Vs 

450A 

110>» 

6 

33 

400 

250 

9'/s 

E3W413 

6 

15 

500 

100 

11 

51  5A 

111“ 

6 

24 

taKJSSi 

150 

9  Vs 

520AR 

RA1W189» 

6 

33 

200 

— 

1  Input  current  4.6  amp.;  wt.  4%  Ibs. 

2  Wt.  71/2  Ibs. 

1  Input  current  7.5  amp.;  wt.  7%  Ibs. 

*Wt.  5  Ibs. 

» Wt.  9Va  Ibs. 

'  Input  current  14  amp.;  wt.  5%  Ibs. 


7  Wt.  16  Ibs.;  input  current  18  amp. 

’  Input  current  17  amp. 

9  Wt.  1 71/2  Ibs.;  input  current  25  amp. 

10  Input  current  27.5  amp.;  wt.  7 Vs  Ibs. 

11  Input  current  21 .5  amp.;  wt.  7%  Ibs. 
19  Input  current  27  amp.;  wt.  17%  Ibs. 
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equivalent  power  source  operating  from  the 

a.c.  line.  Noise  suppression  equipment,  serving 
to  minimize  r.f.  disturbances,  is  usually  incor- 
porated  in  the  manufactured  unit. 

Although  vibrator-transformers  are  ordina- 
rily  used  with  6-volt  tubes,  their  use  with  2-voIt 
tubes  is  quite  possible  provided  additional  fila¬ 
ment  filtration  is  incorporated.  This  filter  can 
consist  of  a  small  low-resistance  iron-core 
choke,  or  the  voice-coil  winding  of  a  speaker 
transformer.  The  field  coil  of  a  speaker  de- 
signed  to  operate  on  4  volts  at  the  total  fila¬ 
ment  current  of  the  receiver  may  be  used.  The 
filaments  are  then  connected  in  parallel,  as 
usual,  and  placed  in  series  with  this  winding 
across  the  6-volt  battery.  On  both  6-  and  2-volt 
receivers  “hash”  can  be  reduced  by  heavily 
by-passing  the  battery  at  the  vibrator  supply 
terminals,  using  0.25  to  1  ftfd,  or  more.  Noise 
will  be  minimized  if  a  single  ground,  consisting 
of  a  short,  heavy  copper  strap,  is  used. 

Table  II  shows  some  of  the  available  vibra¬ 
tor  packs  that  can  be  used  for  the  emergency  or 
portable  power  supply.  Some  of  the  commercial 
units  include  a  hum  filter  and  some  do  not,  but 
the  design  of  this  filter  is,  for  the  most  part, 
conventional.  The  vibrator  supplies  used  with 
automobile  receivers  are  satisfactory  for  re¬ 
ceiver  application  but  usually  are  not  desirable 
for  use  with  a  transmitter  except  where  the 
power  requirements  are  slight.  The  efficiency  of 
vibrator  packs  is  normally  in  excess  of  60%. 

Dynamolors  and  Genemotors:  A  dynamotor  is 
a  double-armature  high-voltage  generator,  the 
additional  winding  operating  as  a  driving 
motor.  It  is  usually  operated  from  a  6-,  12-  or 
32-volt  battery,  and  may  deliver  voltages  from 


300  to  1000  or  more.  Dynamotovs  have  been 
widely  used  in  military  work  and  many  of 
those  in  amateur  use  derive  from  such  origins. 

The  genemotor  is  a  refinement  of  the  dyna¬ 
motor  designed  especially  for  automobile  re¬ 
ceiver,  sound  truck  and  similar  applications.  It 
has  found  wide  acceptance  among  amateurs  as 
a  source  of  transmitting  power,  having  good 
regulation  and  efficiency  combined  with  econ- 
omy  of  operation.  It  is  also  used  in  connection 
with  portable  receiver  installations,  although  a 
rather  high  inherent  noise  level  limits  this  ap¬ 
plication  in  sensitive  amateur  high-frequency 
receivers. 

Genemotors  are  made  to  fill  almost  every 
need.  Their  cost,  at  amateur  net  prices,  runs 
from  about  eight  to  twenty-four  dollars.  Stand¬ 
ard  models  range  from  135  volts  at  30  ma.  to 
300  volts  at  200  ma.  or  500  volts  at  200  ma.  as 
can  be  seen  in  Table  III.  Parallel  and  series 
operation  of  identical  units  to  provide  higher 
capacity  is  entirely  practical.  The  normal  effi¬ 
ciency  averages  around  40%,  increasing  to  bet- 
ter  than  50%  in  the  higher-power  units.  The 
regulation  is  comparable  to  well-designed  a.c. 
supplies;  it  is  largely  a  result  of  external  IR 
drops. 

Successful  operation  of  dynamotors  and 
genemotors  implies  heavy,  direct  leads,  me- 
chanical  isolation  to  reduce  vibration,  and 
thorough  r.f.  and  ripple  filtration  (the  purchase 
of  manufactured  filter  units  is  recommended). 
The  shafts  and  hearings  should  be  thoroughly 
“run  in”  before  regular  operation  is  attempted, 
and  the  tension  of  the  hearings  should  be 
checked  occasionally, 

A.c.-d.c.  converters:  In  some  cases  it  may  be 


TABLE  IV  — GASOLINE  ENGINE  DRIVEN  GENERATORS,  AIR-COOLED 


Manufectuiei 

|  Output 

Starter 

Eicor 

Janette 

Kato 

Onan 

Pioneer 

Volte 

Watts 

Uw. 

3AP61 

BD-6* 

110  a.c. 
or  6  d.e. 

300 

SOO 

100 

Push-bulton 

JR-352 

1 10  a.c. 

300 

65 

Push-button 

JRA-32 

110  a.c. 

350 

65 

Rope  crank 

19A 

110  a.c. 
or  6  d.c. 

IKH3H 

HeJH 

95 

Push-button 

3581 

115  a.c. 

350 

91 

Manual 

JR-1 02 

400 

Rope  crank 

ALBCAi 

5L8 

|  110  a.c.  | 

500 

mum 

Manual 

S3A 

laïiL'WM 

500 

200 

105 

Push-button 

JR-552 

110  a.c. 

Rope  crank 

6AP1 

14A» 

BA-601 

110  e.e. 

600 

BcËifii 

Push-button 

AUKA» 

7L‘ 

110  a.c. 

750 

195 

Manual 

10AP1 

tOL‘ 

BA-IOOi 

110  a.e. 

1000 

Push-button 

ALDEA1 

1!0  a.c. 

K» 

Manual 

BA-150 

110  a.e. 

s 

275 

|  Push-button 

1  Abo  available  in  remote-confrol  modela.  *  1 1 5-volt  output. 

2  Intermlttent-duty  model.  '11 5-volt  output;  weight,  200  Ibs. 

3  Waljht,  1 65  Ibs. 
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desirable  to  utilize  existing  equipment  built  for 
115-volt  a.c.  operation  in  portable  applications. 
To  operate  such  equipment  with  any  of  the 
power  sources  outlined  in  the  foregoing  would 
require  a  considerable  amount  of  rebuilding. 
This  can  be  obviated  by  using  a  rotary  con- 
verter  capable  of  changing  the  d.c.  from  6-,  12- 
or  32-volt  batteries  or  110  d.c.  lines  to  110-volt 
60-cycle  a.c.  Such  converter  units  are  available 
from  several  manufacturers,  with  output  rat¬ 
ings  from  40  to  300  watts.  Their  cost  runs  from 
fifteen  to  fifty  dollars  at  amateur  prices. 

The  conversion  efficiency  of  these  units  aver¬ 
ages  about  50%.  In  appearance  and  operation 
they  are  similar  to  genemotors  of  equivalent 
ratings,  while  the  prices  are  approximately  the 
same.  The  overall  efficiency  of  the  converter 
system  will  be  lower  because  of  the  losses  in  the 
a.c.  rectifier-filter  circuits  and  the  necessity  for 
converting  heater  as  well  as  plate  power. 

Generators:  The  plate  supply  systems  out¬ 
lined  in  the  foregoing  are,  with  the  exception  of 
the  dry-cell  batteries,  designed  to  utilize  the 
electrical  energy  stored  in  a  storage  battery. 
The  problem  then  arises  of  securing  the  energy 
to  be  stored  in  the  battery.  If  access  to  a.c.- 
operated  chargers  is  not  possible  at  times  be- 
tween  actual  use,  some  form  of  self-powered 
charging  system  is  essential. 

This  need  is  ordinarily  best  met  by  a  gaso¬ 
line-  or  wind-driven  generator.  Water-power 
generators  have  been  used,  but  their  depend- 
ence  on  special  circumstances  is  obvious,  and 
they  are  not  available  in  small  sizes. 

The  windcharger  consists  of  a  small  genera¬ 
tor  driven  by  a  suitable  impeller,  mounted  to 
take  advantage  of  the  free  energy  offered  by 
the  wind.  The  Standard  type  costing  in  the 


neighborhood  of  twenty  dollars  will  supply  up 
to  16  amperes  to  a  6-volt  battery.  It  will  ordi¬ 
narily  keep  f  ully  charged  a  battery  used  to  power 
a  typical  receiver  and  small  transmitter  oper- 
ated  from  vibrator  or  genemotor  supply  in 
intermittent  operation.  {Bib.  1). 

Gasoline-driven  generators  are  also  available 
for  use  in  charging  6-volt  or  larger  batteries. 
These  ordinarily  are  rated  at  150  or  200  watts 
and  cost  in  the  neighborhood  of  forty  dollars. 
A  Yi-  or  %-h.p.  single-cylinder  four-cycle  en- 
gine  is  used,  which  will  operate  for  twelve  or 
fifteen  hours  on  a  gallon  of  gasoline. 

In  higher-powered  installations  the  use  of  in- 
termediate  storage  batteries  may  be  dispensed 
with,  and  a  gasoline-driven  generator  supply- 
ing  110-volt  a.c.  directly  may  be  employed. 
Such  generators  are  ordinarily  rated  at  a  mini¬ 
mum  of  250  or  300  watts,  and  cost  fifty  or  sixty 
dollars.  They  are  available  up  to  two  kilowatts, 
or  big  enough  to  handle  the  highest-power 
amateur  rig,  at  a  cost  of  between  three  and  four 
hundred  dollars.  Most  are  arranged  to  charge 
automatically  an  auxiliary  6-or  12-volt  battery 
used  in  starting.  Fitted  with  self-starters  and 
adequate  mufflers  and  filters,  they  represent  a 
high  order  of  performance  and  efficiency. 

A  variant  on  the  generator  idea  is  the  use  of 
fan-belt  drive.  The  disadvantage  of  requiring 
that  the  automobile  must  be  running  through- 
out  the  operating  period  has  not  led  to  general 
popularity  of  this  idea  amongst  amateurs,  al- 
though  in  San  Francisco  and  Oakland  an  ama¬ 
teur  emergency  unit  relies  on  it  heavily.  Such 
generators  are  similar  in  construction  and 
capacity  to  the  small  gas-driven  units. 

The  home  construction  of  generators  of  all 
the  above  types  has  been  successfully  at- 
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Fig.  1801  —  Comhination  6-  and  115- 

volt  power  supply. 

Ch  —  120-ma.  4-henry  filter  choke 
(Thordargon  T-49C91). 

Ci  —  0.06-afd.  paper,  400-volt. 

Ca  —  0.5-afd.  paper  200-volt. 

Ca  —  8-pfd.  electrolytic,  600-volt. 

Ct  —  12-afd.  electrolytic,  450-volt. 

Cg  - —  10-jufd.  electrolytic,  25-volt, 

Ri,  Ra  — 100  ohms,  J^-watt. 

T  —  375-volt  135-ma.  power  transformer 
with  115-volt  and  6-volt  prima- 
ries  (Thordarson  T-14R40). 

SWi  —  D.p.s.t.  heavy  duty  toggle  switch. 

SWa  —  S.p.s.t.  toggle  switch. 

Si  —  10-contact  male  Socket  (Jones 
P-310-AH). 

Pi,  Pa  —  10-contact  male  plugs  (Jones 
S-310-FHT). 

RFC  —  40  turaa  No.  14  enamelled  wire, 
wound  in  two  layera,  %"  i.d. 

Vib.  —  Mallory  825  or  294.  825  will 
handle  more  current. 
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tempted  by  amateurs  at  times,  although  the 

possession  of  a  considerable  knowledge  of  elec- 
tric  motor  design  is  essential.  One  especially 
useful  possibility  is  the  re-winding  of  old  auto¬ 
mobile  charging  generators,  several  hundred 
watts  capacity  being  obtainable  from  the  larg- 
est  sizes.  Those  originally  used  on  the  old  4- 
eylinder  Dodge  cars  have  been  successfully 
adapted  by  amateurs.  Trade  schools  will  often 
have  their  students  re  wind  these  generators  for 
only  the  cost  of  the  material,  and  this  possibil¬ 
ity  is  worth  investigating.  ( Bib .  2). 

An  example  of  portable/emergency  power 
supply  design  capable  of  operation  from  either 
115-volt  a.c.  or  vibrator-interrupted  6-volt 
storage  battery  d.c.  is  shown  in  Figs.  1801  and 
1802.  It  is  built  around  a  dual-primary  trans- 
former.  Two  power  cables  are  provided,  one 
ending  in  a  standard  a.c.  male  plug  and  the 
other  in  battery  clips.  Miniature  multiple  plugs 
connect  these  cables  to  the  appropriate  pri- 
mary,  open  or  close  the  vibrator  circuit  as  re- 
quired,  and  connect  the  heater  circuit  either  to 
a  6.3-voIt  winding  or  to  the  storage  battery. 

A  simple  hash  filter  in  the  form  of  a  choke 
wound  of  ordinary  antenna  wire  and  a  fixed 
condenser  minimizes  vibrator  interference  suf- 
ficiently  to  make  break-in  operation  satisfactory. 

The  circuit  shows  the  negative  high-voltage 
terminal  ungrounded,  permitting  inclusion  of  a 
bias  or  microphone  voltage  dropping  resistor  if 
desired. 

Portable  Equipment  —  The  Receiver 

The  weakest  link  in  the  portable  or  emer- 
gency  Communications  chain  usually  is  the  re¬ 
ceiver.  An  inadequate  receiver,  with  poor 
selectivity,  low  sensitivity  and  insufficiënt  sta- 
bility,  can  ruin  a  QSO  even  under  favorable 
conditions.  When  it  is  remembered  that  condi- 
tions  in  portable  or  emergency  operation  are 
often  more  severe  than  those  at  home,  with 
poor  antenna  facilities,  high  noise  levels,  severe 
interference,  etc.,  the  fallacy  of  attempting  to 
use  an  inferior  portable  receiver  is  apparent. 

The  best  procedure  of  all  is  to  use  the  home 
station  receiver  for  portable  work.  Headphones 
should  be  used  and  the  output  tube  removed, 
but  this  is  no  hardship.  Headphones  are  far 
more  satisfactory  in  such  applications  than  the 
speaker  in  any  event.  This  procedure  not  only 
ensures  the  availability  of  the  high-perform- 
ance  receiver  so  vitally  necessary,  but  the  prac- 
tice  that  has  been  obtained  by  using  the  re¬ 
ceiver  at  home  is  invaluable  in  the  specialized 
operating  techniques  of  portable  or  emergency 
work.  It  takes  as  much  experience  to  learn  to 
run  a  receiver  properly  as  it  does  to  drive  a  car, 
and  the  middle  of  a  crisis  is  no  time  to  gain  that 
experience.  Even  on  lowered  plate  voltage  the 
home  superhet  will  be  better  than  a  makeshift. 

lf  a  special  portable/emergency  receiver  is  to 


Fig.  1802  —  The  dual-primary  power  supply  viewed 
from  the  bottom.  Between  the  two  reetifier  tubes  is 
mounted  the  plug-in  vibrator.  The  primary  r.f.  choke 
can  be  seen  between  the  two  switches. 

be  built,  it  should  be  a  superheterodyne.  With 
present-day  tubes  and  components,  it  is  pos- 
sible  to  build  a  simple  superheterodyne  as 
cheaply  as  a  t.r.f.  receiver,  and  there  is  no  com- 
parison  between  the  two  in  performance.  The 
average  Communications  superheterodyne  can 
be  operated  with  storage  battery  heater  supply 
and  dry-cell  or  vibrator-pack  “B”  supply. 
With  the  audio  power  tubes  removed  from  the 
receiver,  the  power  requirements  are  not  too 
great.  Some  of  the  receivers  on  the  amateur 
market  have  provision  at  the  rear  of  the  set  for 
plugging-in  a  d.c.  supply,  and  those  that  don’t 
can  be  easily  modified  by  drilling  a  Socket  hole 
at  the  rear  of  the  receiver  and  wiring  it  into  the 
set.  When  regular  a.c.  operation  is  used,  a 
shorting  plug  in  the  Socket  completes  the  cii- 
cuit.  A  little  study  of  the  wiring  diagram  of  the 
receiver  will  show  how  it  can  be  adapted  to  bat¬ 
tery  or  other  self-powered  operation. 

Portable  Equipment —  The  Tranamitter 

Owing  to  the  difficulty  in  securing  power  for 
emergency,  portable  and  rural  transmitters, 
their  design  will  depend  almost  entirely  upon 
the  power  supply  available.  Considering  pos- 
sible  defects  in  hastily-improvised  radiation 
systems,  etc.,  it  seems  unwise  to  use  less  than 
10  watts  input  to  a  power  amplifier  or  15  watts 
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to  an  oscillator.  However,  powers  greater  than 
two  or  three  times  these  values  are  not  usually 
necessary,  so  selection  of  the  power  supply  will 
depend  almost  entirely  upon  the  pocketbook 
and  other  resources.  The  300-voït,  100-ma. 
vibrator-transformers  and  genemotors  repre- 
sent  a  nice  compromise  unless  it  is  possibie  to 
step  into  the  200-  or  300-watt  gasoline-driven 
generator  class.  {Bib.  S). 

Perhaps  the  best  plan  in  providing  for  an 
emergency  and  portable  transmitter  is  to  uti- 
lize  the  basic  exciter  unit  in  the  regular  station. 
This  not  only  ensures  the  availability  of  a  re- 
liable,  efficiënt  unit  at  all  times  but  means  a 
saving  in  parts  and  equipment.  It  represents  no 
hardship  to  the  permanent  station  to  construct 
the  exciter  so  it  is  compact,  readily  removable, 
and,  above  all,  solidly  and  dependably  assem- 
bled.  If  your  present  exciter  is  not  adaptable  to 
this  use,  plan  thenewone  so  it  will  be.  Ofcourse, 
provision  for  6-volt  tubes  throughout  is  essen- 
tial,  with  the  heater  circuit  so  arranged  that  it 
can  be  connected  to  a  storage  battery  without 
change.  A  suitable  plate  supply  using  a  vibra¬ 
tor  or  genemotor  or  similar  system  should  be 
available  separately,  arranged  for  ready  con- 
nection.  The  best  method  is  to  have  a  socket 
and  plug  connector  assembly,  with  one  plug 
built  into  the  transmitter  and  another,  wired 
identically,  connected  permanently  to  the 
emergency  supply. 

The  complete  portable/emergency  station 
will  be  capable  of  operation  on  both  c.w.  and 
’phone.  Both  have  their  special  advantages, 
especially  in  emergency  work.  When  power  is 
limited  and  conditions  bad,  the  greater  reliable 
range  and  higher  Communications  efficiency  of 
c.w.  often  make  its  use  preferable  to  voice. 
Where  instructions  and  general  traffic  must  be 
handled  rapidly  and  in  quantity,  on  the  other 
hand,  the  greater  speed  of  voice  over  code 
makes  modulated  transmission  desirable. 

Antenna  Systems 

It  is  difficult  to  specify  Standard  antenna 
Systems  for  emergency  or  portable  applica- 
tions,  because  in  all  cases  the  loeation  is  the  de- 
termining  factor.  As  with  most  things,  the 
simplest  antenna  is  ordinarily  the  best. 

One  of  the  simplest  systems  is  the  end-fed 
antenna.  A  single  half-wave  on  the  lowest  fre- 
quency  to  be  used  will  radiate  plenty  of  energy, 
providing  a  good  part  of  its  length  is  well  above 
ground.  If  it  is  cut  reasonably  close  to  reso- 
nance  efficiënt  couplingis  assured  by  connecting 
directly  to  the  plate  (through  a  variable  con- 
denser)  or  to  a  supplementary  link-coupled 
tuned  circuit. 


If  a  transmission  line  is  essential,  it  should  be 
as  well-constructed  as  possibie.  The  single- 
wire-fed  type  is  ideal  if  the  feed  line  can  be 
brought  off  the  antenna  at  right  angles.  The 
feeder  should  be  tapped  on  the  plate  coil 
(through  a  0.002-^fd.  fixed  condenser)  at  the 
point  where  the  desired  loading  occurs,  making 
sure  that  the  tank  circuit  is  tuned  to  resonance. 
The  tables  shown  in  Chapter  Twenty-Two  for 
this  type  of  antenna  should  be  followed  closely. 

A  low-impedance  two-wire  line  is  excellent  if 
the  antenna  is  to  be  an  integral  part  of  the  port¬ 
able  station,  since  if  it  is  too  long  it  can  be 
coiled-upout  of  the  way.  Rubber-covered  lamp 
cord  will  make  a  fair  feed  line,  the  slight  mis¬ 
match  accounting  for  only  a  small  loss  of 
power.  For  the  meticulous,  one  of  the  special 
72-ohm  lines  can  be  used. 

The  familiar  tuned  transmission  line,  of 
either  the  Zepp  or  center-fed  types,  is  next  in 
preference.  It  is  dependable  in  performance  but 
somewhat  more  complicated  to  erect.  The  an¬ 
tenna  coupling  system  should  be  extremely 
flexible  with  this  type,  with  tapped  coils  and 
choice  of  series  and  parallel  connections  to  ac- 
commodate  any  feeder  length.  The  feeders 
should  be  kept  short  and  direct. 

Emergency  antennas  may  be  erected  with 
insulation  of  dry  hard  wood,  glass  towel  bars, 
porcelain  ware,  etc.,  with  wire  salvaged  from 
broken  Communications  (not  power!)  lines  or 
similar  sources.  If  it  is  impossible  to  erect  reso- 
nant  lengths  of  wire,  impedance-matching  Sys¬ 
tems  such  as  that  shown  in  Chapter  Twenty- 
Two  can  be  used.  Tuning  can  be  accomplished 
by  plate  milliammeter,  neon  bulb,  or  a  flash- 
light  bulb  in  series  with  the  antenna. 

Probably  the  most  straightforward  prepara- 
tion  for  different  conditions  is  to  include  sev- 
eral  lengths  of  rope  with  the  portable  antenna, 
so  that  a  line  may  be  thrown  into  a  tree  or 
dropped  out  of  a  window.  Portable  masts  can 
be  built  but  involve  rather  serious  construc- 
tional  difficulties. 

Regulations 

The  F.C.C.  regulations  co  vering  amateur 
portable  and  emergency  work  should  be  stud- 
ied  thoroughly  by  every  amateur.  See  Chapter 
Thirty-Two. 
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The  element  of  danger  to  the  operator  and 
others  of  the  household  from  high  voltages, 
as  well  as  convenience,  should  be  considered 
seriously  in  planning  the  arrangement  of  sta¬ 
tion  equipment. 

•  LOCATION  OF  STATION 

Where  space  is  at  a  premium,  the  trans- 
mitter  may  be  built  into  a  desk  or  radio  con¬ 
sole.  If  conveniently  located,  a  spare  closet 
makes  a  very  good  spot  for  the  transmitter 
and  may  be  arranged  as  shown  in  Fig.  1901. 
If  necessary,  the  transmitter  may  be  located 
in  the  basement  or  attic,  in  a  closet  or  even  in 
a  weather-proof  box  outside  the  house  and 
operated  by  remote  control.  Apartment- 
house  dwellers  sometimes  build  up  a  compact 
arrangement  on  wheels  vvhich  may  be  stored 
under  the  kitchen  range  or  sink  and  brought 
out  to  the  operating  position  whenever 
desired. 


Fig.  1901  —  Transmitter  mounted  on  clotheg-closet 
door.  Standard  rack  construction  may  be  followed. 
Weight  of  heavy  units  is  taken  up  by  rollers  at  bottom. 
The  door  may  be  replaced  at  little  expense. 


Arrangement  of  Equipment 

If  the  transmitter  is  to  be  built  into  a  floor 
rack  (construction  described  in  Chapter  13) 
or  a  frame,  an  operating  table  with  a  top  of 
24"  by  36"  has  sufficiënt  space  for  a  receiver  of 
good  size,  key  or  microphone,  control  switches 
and  room  for  writing.  A  drawer  will  take  care 
of  plug-in  coils,  small  tools  and  writing  mate- 
rials.  An  operating  table  of  somewhat  greater 
length  will  aflord  space  for  additional  appara- 
tus  such  as  the  monitor  or  small  transmitter. 
A  shelf  underneath  will  provide  space  for  an 
enclosed  receiver  power  supply,  emorgency 
apparatus,  etc. 

The  transmitter  should  be  located  near  a 
window  where  the  antenna  or  transmissiën 
line  may  be  brought  in  most  conveniently  and 
also  near  the  operating  position  where  fre- 
quency  changes  which  may  be  made  by  ad- 
justment  of  tuning  Controls  on  the  front  of  the 
panel  may  be  made  without  leaving  the  operat¬ 
ing  position.  One  good  arrangement  is  shown  in 
Fig.  1902.  The  transmitter  rack  is  within  easy 
reach  of  the  operator.  Since  the  lowest  Controls 
of  the  average  rack  transmitter  come  above  the 
table  level,  it  might  be  placed  against  the  end 
of  the  operating  table  with  Controls  facing 
either  the  operator  or  the  center  of  the  room. 
Space  between  the  Wall  and  transmitter  should 
be  left  to  permit  passage  to  the  side  and  rear 
for  coil  changing. 

If  the  transmitter  is  built  up  in  breadboard 
style,  it  may  be  placed  upon  a  second  table  in 
the  position  in  which  the  rack  is  shown.  Some¬ 
times  breadboard  units  are  assembled,  one 
above  the  other,  on  a  series  of  shelves  emulat- 
ing  rack  construction.  Power-supply  equip¬ 
ment  may  be  assembled  upon  a  heavy  board 
and  placed  under  the  transmitter  table.  A 
suitable  screen  should  be  fastened  to  the  legs  of 
the  table  to  prevent  approach  to  the  high- 
voltage  apparatus,  and  high-voltage  wiring 
should  be  brought  up  at  the  rear  of  the  table  to 
the  transmitter.  While  the  receiver  power  sup¬ 
ply  may  be  placed  upon  a  shelf  under  the  oper¬ 
ating  table,  under  no  circumstances  should 
the  transmitter  power  supply  be  placed  there 
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Fig.  1902  —  A  eonvenient  arrangement  for  station.  The  rack  transmitter 
panel  is  within  easy  reach  of  the  operator.  On  the  table  are  the  antenna 
tuner,  lamp,  receiver  and  loudspeaker,  microphone,  key  and  stationery  file. 
The  en  trance  switch  is  fastened  to  the  right-hand  end  of  the  tahle.  Trans¬ 
mitter  Controls  are  mounted  on  a  board  fastened  to  the  tahle  at  the  Ieft  of 
the  operator  with  foot-operated  control  9witch  underneath  the  table. 
Reeeiver  power  supply  is  on  shelf  underneath.  Service  outlets  are  mounted 
on  board  fastened  to  rear  of  table.  Lightning  switches  at  top  of  window  with 
ground  wire  running  down  right  side  of  window. 

unless  completely  enclosed.  In  cases  where  the 
power-supply  equipment  is  too  bulky  to  be 
placed  in  the  operating  room,  it  is  sometimes 
placed  in  the  basement  and  wired  up  to  the 
operating  room.  If  this  is  done,  the  wiring 
should  be  suitably  insulated  and  the  apparatus 
fenced  off  to  prevent  any- 
one  coming  in  contact 
with  it. 


control  switches  are  connected 
in  series,  none  of  the  high- 
voltage  supplies  may  be  turned 
on  until  the  filament  switch  has 
been  closed  and  that  the  high- 
power  plate  supply  cannot  be 
turned  on  until  the  low-power 
plate  supply  switch  has  been 
closed,  and  also,  that  the  modu¬ 
lator  power  cannot  be  applied 
until  the  final-amplifier  plate- 
voltage  has  been  applied.  SIF5 
places  a  100-  to  300-watt  lamp 
(Lp)  in  series  with  the  primary 
winding  of  the  high-voltage 
plate  transformer  for  use  dur- 
ing  the  process  of  preliminary 
tuning  and  for  local  c.w.  work. 
The  final  amplifier  should  be 
tuned  to  resonance  first  at  low 
voltage  and  then  SFPs  is  closed, 
short-circuiting  the  lamp.  Ex- 
perience  will  determine  what 
the  low-voltage  plate-current 
reading  should  be  to  have  it 
increase  to  full-power  value 
when  SIF5  is  closed  so  that  the 
proper  antenna  coupling  and 
tuning  adjustments  may  be 
made  at  low  voltage. 

Preferably,  STF3  should  be  of  the  push- 
button  type  which  remains  closed  only  so  long 
as  pressure  is  applied.  A  switch  of  this  type 
provides  one  of  the  simplest  and  most  efïeetive 
means  of  protection  against  accidents  from 


Control  Circuits 

Proper  arrangement  of 
Controls  is  fully  as  impor¬ 
tant  as  eonvenient  ar¬ 
rangement  of  apparatus. 
If  the  transmitter  is  to  be 
of  fairly  high  power,  it  is 
desirable  to  provide  a  spe¬ 
cial  service  line  directly 
from  the  meter  board  to 
the  operating  room.  This 
line  should  be  run  in  con- 
duit  or  BX  cable  with  con¬ 
ductors  of  ample  size  to 
carry  the  load  without  un- 
due  voltage  drop.  The  line 
should  be  terminated  with 
an  enclosed  entrance  switch 
properly  fused. 

Fig.  1903  shows  the  wir¬ 
ing  diagram  of  a  simple 
control  system.  It  will  be 
noticed  that,  because  the 


Fig.  1903  —  Station  control  system.  With  all  switches  except  SW3  closed, SW 3 
serves  as  the  main  control  switch.  SWi — Enclosed  entrance  switch.  SW2  — 
Filament  switch.  SW3  —  Low  plate-voltage  and  main  control  Bwitch.  (See  text.) 
SW4 —  High  plate-voltage  switch.  SWb  —  Low  -power  and  tune-up  switch.  (See 
text.)  SWe —  Modulator  plate-voltage  switch.  F  —  Fuse.  L  —  Warning  light. 
Lc  —  Voltage-reducing  lamp.  (See  text.) 
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high  voltage.  In  the  form  which  is  usually  eon- 
eidered  most  convenient,  it  consists  of  a  switch 
which  may  be  operated  by  pressure  of  the  foot 
and  is  located  underneath  the  operating  table. 
When  used  in  this  manner,  it  means  that  the 
operator  must  be  in  the  operating  position,  well 
removed  from  danger,  before  high  voltage  may 
be  applied.  If  desired,  «STF30  may  be  placed  on 
the  front  of  the  transmitter  panel  so  that  it  may 

To  Ant. 


Fig.  1904 —  Simple  protective  device  for  reeeiver. 
When  the  voltage  induced  across  Li  Ci  by  transmitter 
becomes  too  great,  the  neon  tube  breaks  down,  short- 
circuiting  the  tuned  circuit.  Li  and  Cl  are  any  coil  and 
condenser  which  will  tune  over  the  required  range.  Hare 
wire  is  suggcsted  for  Li  so  that  adjustment  of  the  taps 
will  be  simplified. 

be  used  while  tuning  the  transmitter.  S  W 3„ 
should,  of  course,  be  of  the  push-button  type 
also. 

In  more  elaborate  installations,  and  in  re- 
mote  control  Systems,  similarly  arranged 
switches  control  relays  whose  contacts  serve  to 
do  the  actual  switching  at  the  transmitter. 

Two  strings  of  utility  outlets  are  connected, 
one  on  each  side  of  the  entrance  switch,  for 
operation  of  the  reeeiver  and  such  accessories 
as  monitor,  lights,  electric  clock,  soldering  iron, 
etc.  Closing  the  entrance  switch  should  close 
those  circuits  which  place  the  station  in  readi- 
ness  for  operation.  1SIF2  and  STF4  are  normally 
closed  and  5IF3  open.  When  «SWi  is  closed 
upon  entering  the  operating  room,  the  trans¬ 
mitter  filaments  are  turned  on  as  well  as  the 
reeeiver  which  should  be  plugged  into  line  No. 
2.  With  (SW4  closed  (also  SIFs  and  iSTFg),  &TF3 
performs  the  job  of  turning  all  plate- 
supplies  on  and  off  during  periods  of 
transmission  and  reception.  Continu- 
ously  operating  accessories,  such  as 
the  clock,  should  be  plugged  into  line 
No.  1  so  that  it  will  not  be  turned  off 
when  £TFi  is  opened.  Line  No.  1  is 
also  of  use  for  supplying  a  soldering 
iron,  light,  etc.,  when  it  is  desired  to 
remove  all  voltage  from  the  trans¬ 
mitter  by  opening  SlFi. 


seldom  cause  trouble  unress  both  transmitter 
and  reeeiver  are  unshielded  and  the  output 
circuit  of  the  transmitter  is  so  close  to  the  input 
of  the  reeeiver  as  to  provide  appreciable  cou- 
pling  between  the  two.  Higher-power  transmit- 
ters  may  induce  voltages  so  great  in  the  input, 
circuits  of  the  reeeiver  that,  even  though  the 
reeeiver  plate  supply  is  turned  off  during  peri¬ 
ods  of  transmission,  grid  current  is  sufficiënt 
to  ruin  the  input  tube  and  sometimes  burn  out 
the  cathode  resistance.  Well  shielded  receivers 
are  much  less  susceptible  to  damage  and  fre- 
quently  are  used  with  more  or  less  success 
without  protection  of  any  form,  although  it 
may  be  necessary  to  replace  the  input  tube  at 
intervals.  It  is  always  advisable,  however,  to 
make  some  pro vision  for  protecting  the  reeeiver 
against  possible  damage. 

Short-circuiting  of  reeeiver  input  terminals 
by  means  of  a  switch  or  a  relay  operated  from 
the  transmitter  control  switch  is  only  partially 
effective,  especially  at  the  higher  frequencies. 
A  simple  precaution,  which  is  often  found  ade¬ 
quate,  is  to  provide  a  switch  which  opens  the 
cathode  circuit  of  the  input  tube,  preventing 
the  flow  of  grid  current,  although  a  consider- 
able  d.c.  potential  may  exist  between  heater 
and  cathode. 

Another  simple  arrangement,  suggested  by 
W3BES,  involves  the  use  of  a  neon  tube  to 
short-circuit  a  high-impedance  antenna  tuner. 
It  is  shown  in  Fig.  1904.  Probably  the  most 
effective  and  logical  scheme  is  one  provided  by 
W8JMI,  shown  in  Fig.  1905,  in  which  a  sepa¬ 
rate  rectifier  with  external  pick-up  is  used  to 
bias  the  first  or  first  and  second  r.f.  tubes  of 
the  reeeiver. 

Br  in  ging  the  Antenna  or  Transmission  Line 
into  the  Station 

In  bringing  the  antenna  or  transmission  line 
into  the  station,  the  line  should  first  be  an- 
chored  to  the  outside  wall  of  the  building,  as 
shown  in  Fig.  1906,  to  remove  strain  from 
lead-in  insulators.  When  permissible,  holes  cut 


R.F. 


R.F 


Reeeiver  Protection 

Unless  certain  precautions  are 
taken,  operation  of  a  transmitter  in 
close  proximity  may  cause  damage  to 
the  reeeiver.  Low-power  transmitters 


Fig.  1905  —  Another  protective  device  for  reeeiver.  Li  is  a  pick- 
up  coil  coupled  to  the  transmitter  output  tank  circuit.  Sige  of  coil 
must  be  determined  by  experiment.  Cl  —  .002  ^fd.  Ri  —  100,000 
ohms  suggested  for  first  trial.  Experiment  with  partieular  set-up 
will  be  necessary.  Ra  —  Decoupling  resistors  in  reeeiver  AVC 
system. 

Tj  — Any  tube  with  grid  and  plate  tied  together. 
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Fig.  1906  —  Bringing  the  feeders  in.  A  —  Anchoring  feeders  to  take  Btrain  from 
fecd-through  inBulators  or  window  glass.  B  —  Going  through  a  full-length  screen. 
The  cleat  ib  fastened  to  frame  of  screen  on  inside  of  screen.  Clcarance  holes  are  cut 
in  the  cleat  and  also  in  the  screen.  The  rubber  washers  keep  the  weather  out. 


scheme  shown  in  Fig. 
1906-B  may  be  uscd. 

In  a  less  permanent 
method,  the  window  is 
raised  from  the  bottom 
or  lowered  from  the  top 
to  permit  the  insertion  of 
a  board  three  or  four 
inches  wide  which  carries 
the  feed-through  insula- 
tors.  This  arrangement 
may  be  made  weather- 
proof  by  making  an  over¬ 
lapping  joint  between 
the  board  and  window 
sash,  as  shown  in  Fig. 
1907,  and  covering  the 
opening  between  upper 
and  lower  sashes  with  a 
sheet  of  soft  rubber  cut 
from  an  inner  tube. 

When  the  transmitter 
must  be  located  at  a 


directly  through  the  walls  of  the  building  and 
fitted  with  feed-through  insulators  of  suitable 
size  are  undoubtedly  the  best  means  of  feeding 
the  antenna  into  the  station,  for  the  job  can 
be  done  with  little  difiiculty  and  can  provide 
greater  mechanical  permanence  than  other 
schemes.  It  involves  no  interference  to  screen- 
ing  or  storm  Windows.  The  holes  should  have 
plenty  of  air  clearance  about  the  conducting 
rod,  especially  when  tuned  lines,  which  develop 
high  voltages,  are  employed.  Probably  the  best 
place  to  go  through  the  walls,  from  the  stand- 
point  of  appearance,  is  the  trimming  board  at 
the  top  or  bottom  of  a  window  frame  which 
provides  flat  surfaces  for  tightening  lead-in 
insulators.  Cement  or  rubber  gaskets  may  be 
used  to  water-proof  the  exposed  joints. 


considerable  distance  from  the  point  at  which 
the  antenna  transmission  Iine  enters  the  build¬ 
ing,  the  most  practical  way  of  feeding  the 
antenna  is  by  means  of  a  low-impedance  trans¬ 
mission  line  which  may  be  fastened  along  the 
picture  moulding  near  the  ceiling.  If  multi- 
band  operation  is  desired,  a  separate  antenna 
for  each  band  will  be  required;  other wise,  it 
will  be  necessary  to  place  the  antenna  tuner  at 
the  point  at  which  the  feeders  enter  the  build¬ 
ing  and  couple  the  antenna  tuner  to  the  trans¬ 
mitter  by  means  of  a  low-impedance  line.  This 
arrangement  is  very  awkward  to  tune  with  the 
antenna  and  final-amplifier  tank  circuits  sep- 
arated  so  widely. 

Antenna  Switching 


Where  such  a  procedure  is  not 
permissible,  the  window  itself  usu- 
ally  offers  the  best  opportunity. 
One  satisfactory  method  is  to  drill 
holes  in  the  glasB  near  the  top 
of  the  upper  sash.  If  the  glass 
which  is  to  be  drilled  is  replaced  by 
plate  glass,  a  stronger  job  will  re- 
sult.  Plate  glass  may  be  obtained 
reasonably  from  automobile  junk 
yards  and  may  be  drilled  before 
placing  in  the  frame.  The  glass  it¬ 
self  provides  the  necessary  insula- 
tion  and  the  transmission  line  may 


As  pointed  out  in  later  chapters 
it  is  desirable,  particularly  in  DX 
work,  to  use  the  same  antenna  for 
transmitting  and  receiving.  This 
requires  switching  of  antenna  from 
transmitter  to  receiver.  One  of  two 
general  systems  may  be  employed. 
In  the  first,  the  transmitter  and 
receiver  are  each  provided  with  an 
antenna  tuner  and  the  antenna 
transmission  line  is  switched  from 
one  to  the  other.  In  the  second 
system,  one  antenna  tuner  is  pro¬ 
vided  for  each  antenna  and  the 


be  fastened  to  bolts  fitting  the  Fig.  1907  —  Antenna  switch  is  in  the  low-impedance 
holes.  Rubber  gaskets  cut  from  lead-in  panel.  It  may  hc  coupling  line.  Several  arrange- 
inner  tube  will  render  the  holes  5,’^ier  th^  Iowcr^ash  of  ments  are  shown  in  Fig.  1908.  The 
water-proof.  The  lower  sash  should  window.  The  overlapping  high  voltages  which  develop  on 
be  provided  with  stops  at  a  suit-  joint  makes  jt  weather-  tuned  lines  require  switches  and 
able  height  to  prevent  damage  ProoJi'  The  9mg,e  thick  wjring  with  good  insulation.  Fre- 
when  it  is  raised.  If  the  window  is  t",“r  thinne^ boards*  las-  quently  relays  with  low-capacity 
fitted  with  a^ull-length  screen,  the  tened  together.  contacts  are  substituted  for  the 
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Tuned  feeders  or 
brv-impedance  Une 


To  receiver 
antenna, 
tuner 


D.P.D.T.  switch 
or  relay 

A 


Tuned  feeders 


mUULflJ  Antenna, 

Li-  nn  tJ  tuner 

Transmitler m  *  ^Receiver 

OP  OT  switch  or  refay 

c 


Transmitter 

DPD.  T  Switch  orreiay 


Antenna,  Tuner  A/o.  /  Antenna  Tuner  Mo  2 

D.P.D.T. 


7: 


*  »  i  r 


Transmitter  "  [  d  Receiver  Transmitter  |  d  Receiver 

D.P.D.T  D.P.D.T 

E  F 

Fig.  1908 — -Antenna  switching  systema.  A  —  For  tuned  lines  with  separate 
antenna  tnnera  or  low  impedance  lines.  B —  For  voltage-fed  antenna.  G — -For 
tuned  line  with  single  tuner.  D  —  For  voltage-fed  antenna  with  single  tuner.  E  — - 
For  two  tuned-Iine  antennas  with  tuner  for  each  antenna  or  for  low-irapedance 
lines.  F  — For  several  two-wire  lines. 


hand-operated  switches. 

Either  way  is  satisfactory. 

Remote  Cort trol 

When  it  becomes  nec- 
essary  to  locate  the  trans¬ 
mitter  at  Bome  point  re¬ 
mote  from  the  operating 
position,  it  is  usually 
more  feasible  to  control 
the  transmitter  by  means 
of  relays  rather  than  to 
attempt  to  carry  power 
wiring  between  the  trans¬ 
mitter  and  operating  po¬ 
sition.  Not  only  must  the 
wiring  be  more  carefully 
executed,  but  consider- 
able  drop  in  voltage  may 
develop  unless  wire  of 
large  size  is  used.  Relays 
require  little  current  and 
low-voltage  types  re¬ 
quire  wiring  with  a  rela- 
tively  small  amount  of 
insulation.  Wiring  for  a 
large  transmitter  may  be 
bonded  into  a  small  cable 
occupying  but  -little  space. 

A  typical  arrangement 
for  remote  control  is 
shown  in  Fig.  1909.  In 
’phone  installations,  it  is 
common  practice  to  place 
the  modulator  and  driver 
with  the  transmitter  and 
speech  amplifier  at  the 
operating  position,  cou- 
pling  the  two  with  a  low- 
impedance  line. 

Where  distance  be¬ 
tween  control  point  and  the  transmitter  makes 
it  important,  the  number  of  control  lines  may  be 
reducedby  a  scheme  shown  in  Fig.  1910.  Relays 
1,  2  and  3  are  adjusted  to  close  at  progres- 
sively  increasing  values  of  current.  in  opera- 
tion,  STFi  is  closed  and,  with  Ri  and  R‘i  in  se¬ 
ries,  the  line  current  is  sufficiënt  to  close  only 
Relay  No.  1  which  will  turn  on  filaments  and 
bias  supply.  When  SWz  is  closed,  Ri  is  cut  out 
of  the  circuit  and  the  line  current  increases  to 
a  value  sufficiënt  to  close  relay  No.  2  which 
turns  on  the  high  voltage,  but  not  No.  3.  The 
key  short-circuits  Ri  and  again  the  line  current 
increases  closing  relay  No.  3,  the  keying  relay. 
The  system  requires  rather  careful  adjustment 
and  values  will  depend  upon  relay  character- 
istics  and  line  voltage.  Those  interested  in  a 
more  extensive  circuit  for  frequency  changing, 
modulation  checking  as  well  as  power  control 
by  means  of  a  single  pair  of  wires  are  referred 
to  page  37  of  QST  for  July  1938. 


Break- in 

The  advantages  of  break-in  operation  are 
many  and  are  described  in  Chapter  31.  If 
the  station  is  provided  with  a  stable,  shielded 
superheterodyne  receiver,  it  may  be  necessary 
only  to  use  a  separate  antenna  for  the  receiver. 
This  should  be  located  as  far  as  possible  from 
the  transmitting  antenna  and  at  right  angles  to 
it.  Sometimes  a  short  receiving  antenna  will 
reduce  interference  from  the  transmitter  and 
yet  permit  reception  from  stations  at  quite 
some  distance.  Use  of  the  external  rectifier  of 
Fig.  1905,  described  in  connection  with  re¬ 
ceiver  protection,  is  recommended  where 
break-in  operation  is  desired.  With  unshielded 
or  regenerative  receivers,  it  may  be  necessary 
to  provide  a  relay  which  opens  the  headphone 
circuit  when  the  key  is  closed  to  prevent  racket 
in  the  headphones  which  might  paralyze  the 
ear  for  the  weaker  break-in  signal.  In  this  case, 
an  output  transformer  between  receiver  and 
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Modulator  Driver 


Fig.  1909  —  Remote  control  System.  This  system  is  essentially  the  same  as  that 
shown  in  Fig.  1903  except  that  the  switches  control  relays  at  the  remote  transmitter 
which  do  the  switching.  The  speech  ampliher  and  modulator  driver  are  coupled  with 
a  low-impedance  line. 


headphones  with  the  relay  breaking  the  con- 
nection  between  headphones  and  transformer 
secondary  winding  is  recommended.  In  ex¬ 
treme  cases,  an  additional  relay  short-cir- 
cuiting  the  receiver  input  may  be  required. 
All  of  these  relays  should  be  connected  so  as 
to  operate  with  the  key. 

If  the  same  antenna  is  used  for  receiving  as 
well  as  transmitting,  a 
change-over  relay  op- 
erating  from  the  keying 
circuit  must  be  added. 

Unless  the  transmit¬ 
ter  oscillator  is  very 
well  shielded,  it  will  be 
impossible  to  use 
break-in  operation  with 
a  station  on  the  fre- 
quency  of  the  trans¬ 
mitter  or  frequencies 
immediately  adjacent 
unless  the  oscillator  is 
keyed.  Most  break-in 
systems  employ  keyed 
oscillators  with  the  fol- 
lowing  amplifier  stages 
provided  with  sufficiënt 
fixed  bias  to  prevent 
plate-current  flow  with 
excitation  removed. 

’Phone  Break-in  — • 
Push-to-Talk 
Break-in  operation 
with  ’phone  becomes 


more  complicated  and 
less  practicable  be- 
cause  of  the  increased 
difficulty  in  distinguish- 
ing  the  wanted  signal 
from  others.  A  method 
of  electronic  control  of 
the  carrier  is  described 
in  detail  in  QST  for 
November  1936.  The 
voice  signal  operates  a 
relay  which  cuts  the 
carrier  off  if  there  is  a 
short  pause  in  speech, 
the  carrier  resuming 
whenever  speech  is  rc- 
sumed. 

A  more  commonly 
used  system  is  the 
“push-to-talk”  method. 
In  this  system,  a  con- 
venient  “push”  switch, 
such  as  the  foot-oper- 
ated  switch  mentioned 
in  connection  with  Fig. 
1902,  is  used  to  cut  the 
carrier,  and  also  the 
oscillator,  on  and  off.  With  this  arrangement 
and  the  receiver  precautions  recommended  for 
break-in  operation,  ’phone  conversations  may 
be  speeded  up  and  made  more  pleasurable. 

Safety  Precautions 

The  following  excerpts  from  the  A.R.R.L. 
Safety  Code  apply  particularly  to  the  arrange¬ 
ment  and  installation  of  station  control 
equipment: 

Master  Switch  —  There  should  be  one 
powerline  switch,  in  a  conspicuous  and 
easily-accessible  location  on  or  near  the 
transmitter,  which  Controls  all  power  to  the 
transmitter. 

H.  V.  Leads  —  High-voltage  leads  should 
be  a  good  grade  of  high-tension  wire  insu- 
lated  for  at  least  two  to  threc  times  the  peak 
operating  voltage. 

Keys  —  The  arm  of  the  telegraph  key 
should  be  grounded  in  every  case.  In  keying 
circuits  which  do  not  permit  a  direct  ground 
on  the  key,  a  suitably-insulated  relay  should 
always  be  used.  Live  parts  of  the  key  should 
be  protected  from  accidental  bodily  contact 
by  suitable  covers  or  barriers. 

Relays  —  Relays  should  be  provided  with 
covers,  or  installed  in  such  fashion  that  ac¬ 
cidental  closing  by  mechanical  means  can- 
not  occur. 


Fig.  1910  —  The  num- 
her  of  control  wires  may 
be  reduced  by  thiB 
method  for  long  remote 
lines.  Relays  are  ad- 
justed  to  close  on  differ¬ 
ent  eurrents  eontrolled 
by  resistances. 
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Safety  Devices 


The  series  shorting  plug  scheme  shown  in 
Fig.  1911  is  a  very  simple  and  effective  method 
of  cutting  off  the  primary  supply  to  the  trans- 
mitter  whenever  work  is  to  be  done  or  adjust- 
ments  to  be  made,  providing  one  forms  the 
habit  of  using  it  every  time  the  transmitter  is 
approached.  The  Socket  should  be  mounted  in 
a  convenient  place  on  the  operating  table; 
when  the  plug  is  out,  no  power  can  get  to 
the  transmitter.  If  you  carry  the  plug  with 
you,  you  know  the  power  is  off  and  that  no  one 
can  turn  it  on. 


ReccpUtde 


Fig.  1911  —  Series-plug  arrangement  for  cutting 
supply  line  to  transmitter  duriug  adjustments.  The  lamp 
indicates  when  the  series  plug  is  in  the  ungrounded  side 
of  the  line  as  it  should  be. 

The  signal  light  serves  as  a  check  on  line 
“polarization”  as  well  as  a  warning  when  the 
shorting  plug  is  in  place.  If  the  lamp  does  not 
light  when  the  shorting  plug  is  in  place,  the  line 
is  polarized  incorrectly  and  connections  to  the 
a.c.  line  should  be  reversed.  The  outlet  for  the 
shorting  plug  and  the  warning  light  may  be 
obtained  as  a  unit  at  most  electrical  supply 
houses. 

A  similar  scheme  applied  as  a  door  interlook 
in  enclosed  transmitter  construction  is  shown 
in  Fig.  1912.  Here  again,  the  plug  and  recep- 
tacle  should  be  in  the  ungrounded  side  of  the 
supply  line. 

A  dependable  signal-light  system  is  shown 
in  Fig.  1913.  Since  either  bulb  must  be  on  at  all 


Fig.  1912  —  Seriea-plugjdea  adapted  as  cabinet-door 
interlook.  Plug'should  be  in  ungrounded  side  of  line. 


Fig.  1913  —  Doublé  signal-light  system  avoiding 
danger  of  lamp  bum-out.  Whenever  both  lights  are  out, 
they  should  be  tested. 

times,  a  burned-out  lamp  is  indicated  when  no 
light  at  all  shows. 

Lightning  Protection 

An  ungrounded  radio  antenna,  particularly 
one  large  and  well  elevated,  is  a  lightning 
hazard.  When  grounded,  it  provides  a  measure 
of  protection.  Therefore,  grounding  switches, 
such  as  are  shown  in  Fig.  1902,  or  lightning 
arrestors  should  be  provided.  Examples  of 


front  Side 


Fig.  1914  —  Low-Ioss  lightning  arrestors  for  transmit¬ 
ter  installations. 

construction  of  low-loss  arrestors  are  shown  in 
Fig.  1914.  At  A,  the  arrestor  electrodes  are 
mounted  by  means  of  stand-off  insulators  on 
a  fireproof  asbestos  board.  At  B,  the  electrodes 
are  enclosed  in  a  Standard  steel  outlet  box. 
In  each  case,  the  gaps  should  be  made  as  small 
as  possible  without  danger  of  break-down  dur- 
ing  transmitter  operation.  Lightning  systems 
require  the  best  ground  connection  obtain- 
able. 
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Tube  Characteristics  and 
Miscellaneous  Data 


T^his  chapter  represents  a  compilation  of 
miscellaneous  data  useful  to  the  practising 
radio  amateur.  By  far  the  larger  part  of  it  is 
devoted  to  data  on  hundreds  of  different  types 
of  transmitting  and  receiving  vacuum  tubes 
available  from  a  number  of  manufacturers, 
including  typical  operating  conditions  and 
base  connections.  The  remainder  of  the  chapter 
contains  reference  information  in  both  tabular 
and  narrative  forms,  intended  to  illustrate  and 
supplement  the  basic  material  throughout  the 
remainder  of  this  Handbook. 


Inductance  ( L ) 


The  formula  for  computing  the  inductance 
of  air-core  radio  coils  is: 

0,2  A2N 2 

L  ~3A  +  9B  +  IOC 


where :  L  is  the  inductance  in  microhenrys 

A  is  the  mean  diameter  of  the  coil  in 
inches 

B  is  the  length  of  winding  in  inches 
C  is  the  radial  depth  of  winding  in  inches 
N  is  the  number  of  turns. 

The  quantity  C  may  bc  neglected  if  the  coil  is  a 
single-layer  solenoid,  as  is  nearly  always  the 
case  with  coils  for  high  frequenties. 

Por  example,  assume  a  coil  ha  ving  35  turns 
of  No.  30  d.s.c.  wire  on  a  receiving  coil  form 
having  a  diameter  of  1.5  inches.  Consulting  the 
wire  table,  we  find  that  35  turns  of  No.  30 
d.s.c.  will  occupy  a  length  of  one-half  inch. 
Therefore, 

A  -  1.5 
B  =  .5 
N  -=  35 

and 

_  0.2  X  (1.5)2  X  (35)2 
L  (3  X  1.5)  +  (9  X  .5) 
or  61.25  microhenrys. 

To  calculate  the  number  of  turns  of  a  single- 
layer  coil  for  a  required  value  of  inductance: 


3  A  +  9  B 
\  0.2A2 


X  L. 


More  rapid  and  convenient  calculations  in 
designing  coils  can  be  made  with  the  A.R.R.L. 
Lighlning  Radio  Calculator  (Type  A).  Stated 
generally,  the  self-inductance  of  a  coil  is  in- 
versely  proportional  to  the  rductance  of  its  mag- 
netic  circuit  and  is  proportional  to  the  square  of 
the  number  of  turns.  If  the  magnetic  circuit  is 
a  closed  iron  core,  for  instance,  the  inductance 


value  might  be  several  thousand  times  what  it 
would  be  for  the  same  coil  without  the  iron 
core,  the  reluctance  being  that  much  less  than 
with  an  air-core.  Also,  doubling  the  number 
of  turns  would  make  the  inductance  4  times 
as  great. 


Condenser  Capacity  (C) 

The  formula  for  the  capacitance  of  a  con¬ 
denser  is: 

c  .  kA  (n  —  1) 

4r dX  9  X  105 
k  A 

=  .0088^  (n  —  1)  10-Vd. 
d 

where:  A  —  area  of  one  side  of  one  plate  (sq. 
cm.) 

n  —  total  number  of  plates 
d  =  separation  of  plates  (cm.) 
k  =  specific  inductive  capacity  or  di- 
electric  constant  of  the  dielectric. 

When  A  is  the  area  of  one  side  of  one  plate 
in  square  inches  and  d  is  the  separation  of  the 
plate  in  inches, 

h  A 

C  =  .02235—  (»  — 1)  10~Vfd. 
d 

The  dielectric  constant  determines  the  quan¬ 
tity  of  charge  which  a  given  separation  and 
area  of  plates  will  accumulate  for  a  given 
applied  voltage.  The  “inductivity ”  of  the 
dielectric  varies  as  in  the  table.  “k”  is  the  ratio 
of  the  capacitance  of  a  condenser  with  a  given 
dielectric  to  its  capacitance  with  air  dielectric. 

Table  of  Dielectric  Constants 

Puncture  voltage 


Dielectric 

“fc” 

Küovolt 8 
per  cm. 

Kilovolta 
per  inch 

Air  (normal  preseuro) 

1.00 

7. 8-9.0 

19.8-22.8 

Flint  Glass 

6  to  10 

900 

2280 

Mica 

4 . 6  to  8 

1500 

3810 

Paraffin  Wax  (eolid) 

2.0  to  2.5 

400 

1017 

Sulphur 

3.9  to  4.2 

— 

— 

Caator  Oil 

4.7 

150 

381 

Porcelain 

4.4 

— 

— 

Quartz 

4.5 

— 

— 

Reain 

2.5 

— 

— 

Olive  Oil 

3.1 

120 

305 

Gutta  Percha 

3.3  to  4.9 

80-200 

203-508 

Sheliac 

3.1 

— 

— 

Common  Glass 

3.1  to  4.0 

300-1500 

762-3810 

Turpentine 

2.23 

110-160 

280-406 

Dry  Oak  Wood 

2.5  to  6.8 

— 

— 

Formica  Bakplite,  etc.  5  to  6 

— 

— 

Inductive  and  Capacitive  Reactance 
The  formula  for  inductive  reactance  is: 
XL  =  2rfL 
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where  X&  is  the  inductive  reactance  in  ohms 

t  is  3.1416 

ƒ  is  the  frequency  in  cycles  per  second 
L  is  the  inductance  in  henrys. 

From  this  it  is  evident  that  inductive  reactance 
is  directly  proportional  to  frequency  and  direct- 
ly  proportional  to  the  value  of  inductance. 
The  capacitive  reactance  formula  is: 


Xc  = 


1 


2ir fC/d. 

where:  Xc  is  the  capacitive  reactance  in  ohms 
Ir  is  3.1416 

ƒ  is  the  frequency  in  cycles  per  second 
C/i.  is  the  condenser  capacitance  in 
farads. 

Where  the  capacitance  is  in  microfarads 
(/ufd.),  as  it  is  in  most  practical  cases,  the 
formula  becomes 

v  10G 
Xc  = 


2tt fCn/i. 


106  being  1,000,000. 


Resistance-Capacitance  Time  Constant  {RC) 

If  a  charged  condenser  had  infinïte  resist- 
ance  between  its  platos,  it  would  hold  the 
charge  indefinitely  at  its  initial  value.  However, 
since  all  practical  condensers  do  have  more  or 
less  definite  resistance  (through  the  dielectric 
and  between  the  connecting  terminals),  the 
charge  gradually  leaks  ofi.  Good  condensers 
have  a  very  high  “leakage  resistance,”  how¬ 
ever,  and  will  hold  a  charge  for  days  if  left 
undisturbed. 

In  a  circuit  containing  only  capacitance 
and  resistance,  the  time  required  for  the  poten- 
tial  difference  between  the  charged  plates  of  a 
condenser  to  fall  to  a  definite  percentage  of  its 
initial  value  is  determined  by  the  capacitance 
of  the  condenser  and  the  value  of  the  resistance. 
The  relation  is  of  practical  importance  in  many 
circuit  applications  in  amateur  transmission 
and  reception,  as  in  time  delay  with  automatic 
volume  control,  resistance-capacitance  filters, 
etc.  For  the  voltage  to  fall  to  37%  (0.37)  of  its 
initial  value, 

t  =  RC, 

where  t  is  the  time  in  microseconds  (millionths 
of  a  second),  R  is  the  resistance  in  ohms,  and 
C  is  the  capacitance  in  microfarads.  RC  should 
be  divided  by  1  million  to  give  the  answer  in 
seconds.  This  is  called  the  time  constant  of  the 
combination.  The  time  required  for  the  voltage 
to  fall  to  one-tenth  (10%)  of  its  initial  value 
can  be  found  by  multiplying  RC,  as  given 
above,  by  2.4. 

Time  constant,  t,  for  90%  fall  in  voltage 
RC 

*»  2.4-^jg,  t  being  in  seconds,  R  in  ohms  and  C 
in  fjjd . 


Capacitances  can  be  connected  in  series  or 
in  parallel  like  resistances  or  inductances,  as 
shown  in  the  diagram.  However,  connecting 
condensers  in  parallel  makes  the  total  eapaci- 


DIAGRAMS  OF  SERIES,  PARALLEL  AND 
SERIES-PARALLEL  CAPACITANCE 
CONNECTIONS 


tance  greater  while  in  the  case  of  resistance  and 
inductance,  the  value  is  lessened  by  making 
a  parallel  connection. 

The  equivalent  capacity  of  condensers  con¬ 
nected  in  parallel  is  the  sum  of  the  capacities  of 
the  several  condensers  so  connected: 

C  =  Ci  +  C2  +  Cs. 

The  equivalent  capacity  of  condensers  con¬ 
nected  in  series  is  expressed  by  the  following 
formula: 

-  =  —  +  —  +  — . 

C  Ci  C*  Cs 

When  but  two  condensers  are  connected  in 
series,  the  following  expression  can  be  used: 

C!C2  . 

Cl  +  c2 

Where  the  net  capacitance  of  a  series-parallel 
combination  is  to  be  found,  the  capacitance  of 
the  series  groups  can  be  worked  out  separately 
and  then  added  in  parallel  combination.  As  is 
also  true  in  the  case  of  resistances  in  parallel, 
the  Series-Parallel  type  Lightning  Calculator 
is  a  useful  aid  in  making  such  determinations. 


The  Decibel 


The  decibel  (abbreviated  db)  is  a  convenient 
unit  for  the  measurement  of  elcctrical  or 
acoustic  power  ratios  on  a  logarithmic  scale. 
The  number  of  decibels  equivalent  to  the  ratio 
between  two  amounts  of  power  is: 


db  —  10  logio 


Pi 

PS 


Since  the  decibel  is  a  logarithmic  unit,  suc- 
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DECIBELS  (0  8) 


cessive  gains  and  losses  expressed  in  db  can  bc 
added  algebraically.  If  the  ratio  of  the  two 
power  values  is  greater  than  1  there  is  a  power 
gain;  if  the  ratio  is  less  than  1  there  is  a  loss  of 
power.  A  gain  is  expressed  in  “plus  db”;  a  loss 
in  “  minus  db.” 

The  decibel  also  can  be  used  to  express  ratios 
between  voltages  and  currents  provided  the 
eircuit  conditions  are  the  same  for  the  two 
quantities  whose  magnitudes  are  being  com- 
pared;  i.e.,  if  the  impedances  and  power  factors 
of  the  circuits  are  the  same. 

The  decibel  is  primarily  a  unit  which  speci- 
fies  gains  or  losses  with  reference  to  the  power 
value  at  some  point  in  a  System  regardless  of 
the  actual  value  of  the  reference  power.  In 
telephone  and  radio  work,  however,  it  is  con- 
venient  to  assume  a  reference  power  level  and 
express  the  power  at  a  point  in  a  circuit  in  terms 
of  “plus  db”  or  “minus  db”  above  or  below 
this  reference  level.  A  Standard  reference  ievel 
in  radio  work  is  0.006  watt,  or  6  milliwatts. 

The  chart  above  is  direct-reading  in  terms  of 
decibels  for  all  power,  voltage  or  current  ratios. 
The  top  scale  goes  from  0  to  100  db  and  is 
useful  for  very  large  ratios;  the  lower  scale  per- 
mits  closer  reading  between  0  and  20  db,  or  one 
cycle  of  the  extended  scale.  Solid  lines  show 
voltage  or  current  ratios;  dotted  lines,  power 
ratios.  To  find  db  gain,  divide  output  power  by 
corresponding  input  power  and  read  db  value 
for  this  ratio,  using  the  appropriate  curve  (i.e., 


“  X  l”for  ratios  from  1  to  10,  “  X  10”  for  ratios 
from  10  to  100,  “X  100”  for  ratios  from  100  to 
1000,  and  so  on).  To  find  db  loss,  as  where  out¬ 
put  is  less  than  input,  divide  input  value  by 
output  value.  Current  and  voltage  ratios  in  db 
can  be  found  similarly,  provided  the  input  and 
output  impedances  are  the  same.  Power,  volt¬ 
age  and  current  values  must  be  in  the  same 
units  (watts,  millivolts,  microamperes,  etc.). 


Color  Code  for  Reaiatora  and  Condenaera 

A  Standard  color  code  is  used  for  identifica- 
tion  of  resistance  and  capacitance  values  of 
small  carbon-type  resistors  and  midget  mica 
condensers.  In  this  code,  numbers  are  repre- 
sented  by  the  folio wing  colors: 


0  —  Black 

1  —  Brown 

2  —  Red 

3  —  Orange 

4  —  Yellow 


5  —  Green 

6  —  Blue 

7  —  Violet 

8  —  Gray 

9  —  White 


Three  colors  are  used  on  each  resistor  to 
identify  its  value.  The  body  color  represents 
the  first  figure  of  the  resistance  value;  one  end 
or  tip  is  colored  to  represent  the  second  figure ; 
a  colored  band  or  dot  near  the  center  of  the  re¬ 
sistor  gives  the  number  of  zeros  following  the 
first  two  figures.  A  25,000-ohm  resistor,  for  ex- 
ample,  would  be  marked  as  follows:  body,  red 
(2);  tip,  green  (5);  dot,  orange  (3  zeros). 
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Smalt  mica  condensers  usually  are  marked 
with  three  colored  dots,  with  an  arrow  or  other 
Symbol  indicating  the  sequence  of  colors.  Read- 
ings  are  in  micromicrofarads  (^fd.),  with  the 
color  code  same  as  above.  For  example,  a 
0.00025-pfd.  (250-wdd.)  condenser  would  be 
marked  as  follows:  red  (2),  green  (5),  brown 
(1  zero). 


Metric  Prefixea 


fi 

1 

~  One-millionth 

micro- 

l.UOO.ÜUU 

m 

1  qqq  One-thousandth 

milli- 

c 

1 

100 

One-hundredth 

centi- 

d 

1 

10 

One-tenth 

deci- 

1  One 

uni- 

dk 

10  Ten 

deka- 

h 

100  Onehundred 

hekto- 

k 

1,000  One  thousand 

kilo- 

10,000  Ten  thousand 

myria- 

M 

1,000,000  One  million 

mega- 

Conversion  Factors 

Am  per  e 

—  1,000,000  microamperes 

Ampere 

=  1,000  milliamperes 

Cycle 

—  .000,001  megacycle 

Cycle 

=*  .001  kilocycle 

Farad 

=  1,000,000,000,000  micromicrofarads 

Farad 

=  1,000,000  microfarads 

Farad 

=  1,000  millifarads 

Henry 

—  1,000,000  miorohenrya 

Henry 

=  1,000  millihenrys 

Kilocyele 

=  1,000  cycles 

Kilovolt 

—  1,000  volts 

Kilowatt 

=  1,000  watts 

Megacycle 

=  1,000,000  cycles 

Megohm 

—  1,000,000  ohms 

Mho 

=  1,000,000  micromhos 

Mho 

=  1,000  millimhos 

Microampere 

=  .000,001  ampere 

Microfarad 

=  .000,001  farad 

Microhenry 

=  .000,001  henry 

Micromho 

=  .000,001  mho 

Micro-ohm 

=>  .000,001  ohm 

Microvolt 

=  .000,001  volt 

Microwatt 

=  .000,001  watt 

Micromicrofarad 

=  .000,000,000,001  farad 

Micromicro-ohm 

=  .000,000,000,001  ohm 

Milliampere 

=*  .001  ampere 

Millihenry 

=  .001  henry 

MiUimho 

=*  .001  mho 

Milliohm 

=  .001  ohm 

Millivolt 

=  .001  volt 

Milliwatt 

=  .001  watt 

Volt 

=»  1,000,000  microvolta 

Volt 

=  1,000  millivolta 

Watt 

=»  1,000,000  microwatts 

Watt 

=  1,000  mill'i watts 

Watt 

=*  .001  kilowatt 

Equivalents  of  Electiical  Units 

1  kilowatt  =  1000  watts. 

1  kilowatt  =  1.34  H.  P. 

1  kilowatt  ™  44,257  foot-pounds  per  minute. 

1  kilowatt  =  56.87  B.  t.  u.  per  minute. 

1  horse  power  =  740  watts. 

1  horse  power  =>  33,000  foot-pounds  per  minute. 

1  horse  power  ==  42.41  B.  t.  u.  per  minute. 

1  B.  t.  u.  (British  thermal  unit)  =  778  foot-pounds. 
1  B.  t.  u.  «  0.2930  watt-hour. 

1  joule  *■  1  watt-second. 

Symbols  for  Electrical  Quant ities 


Admittance  Y,  y 

Angular  frequency  or  velocity  (*-f)  o> 
Capacitance  C 

Conductance  G,  g 

Conductivity  v 


ABBREVIATIONS 

FOR 

ELECTRICAL  AND  RADIO  TERMS 

Alternating  current 

a.c. 

Megohm 

MO 

Ampere  (amperes) 

a. 

Meter 

m. 

Antenna 

ant. 

Microfarad 

4d. 

Audio  frequency 

a.f. 

Microhenry 

„h. 

Centimeter 

cm. 

Micromicrofarad 

wjfd. 

Continuous  waves 

c.w. 

Microvolt 

AiV. 

Cycles  per  second 

c.p.s. 

Microvolt  per  meter 

^v/m. 

Decibel 

db 

Microwatt 

/iW. 

Direct  current 

d.c. 

Milliampere 

ma. 

Electromotive  force 

e.m.f. 

Millivolt 

mv. 

Frequency 

f. 

Milliwatt 

mw. 

Ground 

gnd. 

Modulated  continuous  waves 

m.c.w. 

Henry 

h. 

Ohm 

n 

High  frequency 

h.f. 

Power 

p. 

Intermediate  frequency 

i.f. 

Power  factor 

p.f. 

Interrupted  continuous  waves 

i.c.w. 

Radio  frequency 

r.f. 

Kilocycles  (per  second) 

kc. 

Ultra-high  frequency 

u.h.f. 

Kilowatt 

kw. 

Volt  (volts) 

V. 

Megacycle  (per  second) 

Mc. 

Watt  (watts) 

w. 
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Groand 

f/eadphones 

Loudspeaker 
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SCHEMATIC  SYMBOLS  USED  IN  CIRCUIT  DIAGRAMS 

Topped  Inductonce  ~©~  Necn  Bu/b 

F/xed  ConJenser 

Vanab/e  Condenser 
Tv.  (movab/e  p/ates) 

dir-core  Fransformer 
or  two  co//s  coupled  to 
eoch  other 

dir-core  Tronsharmer 
w/th  vanab/e  ccapl/ng 


Single  -pole 
Doub/e  -  tbrow  switch 

Dqubfe-po/e 
Sinyle-throio  switch 


Link  -  Coupled 
lnductance 


fron  -  Co  re  Frans/brmer 


Gnd — 
Diode  p!ate$_ 


Wires  connected 


Wires  Crossing  bat 
not  connected 

Fase 

Lnductance 
(F/xed  co//  or  r  F  choke) 


- — iJULiLG> —  /fon-core  Inductonce 
— :  Or  Choke 

— »|  1 1 1|  l|  lf-^  Battery 

Sin<j/e  Ce// 

p  Qunrtz  CrqstaJ 

j^XK]  Si nq/e- Button  Carbon  Microphone  Cathcde 

Doub/c  -Button  Carbon  Micrcpfn 

pQ  Crqstaf  Microphone 

— www —  Fixed  Fes  is  tor 


Vanab/e  and  tapped Resistor  Gr 

(rbeostat,  potcntiometer, 
vol  tape  d/  vidert  etc.J 


Screen  Gnd  Vacuüm  Tube 
with  /ndirect/u  Heated 
Cathode 


Pen  tod  e  Vacuum  Tube 
X,  the  suppressor  gnd 
connected  to  Fi/amentinside  tube 


Doub/e  Diode  -Tri ode 
Vacuum  Tube 


»G4  Multi  -  Grid  Vacuum  Tube 

qz  The  cjrids  ore  usuallg  numbered, 
the  6,  being  that  closes t  to 
the  cathode 


Doublé  -Tri ode  Vacuum 
Tube  with  Common  Cothode 


Current  ƒ  { 

Difference  of  potential  E,  e 

Dielectric  constant  K  or  e 

Energy  W 

Frequeney  ƒ 

Impedance  Z,  z 

lnductance  E 

Magnetic  intensity  H 

Magnetic  flux  $ 

Magnetic  flux  density  B 

Mutual  inductance  M 

Number  of  conductors  or  turns  N 

Permeability  ^ 

Phase  displacement  e  or  $ 

Power  pt  p 

Quantity  of  electricity  q 

Reactance  X,  x 

Resistance  Et  r 

Resistivity  P 

Susceptance  b 

Speed  of  rotation  n 

Voltage  E,  e 

Work  W 


Letter  Symbols  for  Vacuum  Tube  Notation 
Grid  potential  Eg,  ee 

Grid  current  Is,  iQ 

Grid  conductance  ge 

Grid  resistance  r„ 

Grid  bias  voltage  Ee 

Plate  potential  Ep,  ep 

Plate  current  /6,  Iv ,  ip 

Plate  conductance  gv 

Plate  resistance  rp 

Plate  supply  voltage  Eb 

Emission  current  ƒ„ 

Mutual  conductance  gm 

Amplification  factor  p 

Filament  terminal  voltage  E / 

Filament  current  1/ 

Grid-plate  capacity  Cop 

Grid-cathode  capacity 
Plate-cathode  capacity  C 'p* 

Grid  capacity  (input)  Ce 

Plate  capacity  (output)  Cp 

Note. 

values. 


•  Small  letters  refer  to  instantaneous 


The  Radio  Amateur’s  Handbook 


^  Conversion  factors  for  power  amplifier  triodes  and 
pentodes.  Using  the  operatlng  conditlons  sliown  In  the 
tube  data  tables  which  follow,  equivalent  conditions  in- 
volving  special  plate  voltage  requirements  can  be 
determined.  To  use  these  curves,  first  determine  the 
ratio  of  the  new  plate  voltage  to  that  shown  in  the  table. 
This  ratio,  the  voltage  conversion  factor  (Fe),  is  tben 
used  to  determine  the  new  sereen-  and  control-grid  volt¬ 
ages  and  the  other  significant  charaeteristies  for  the  new 
operating  condition. 


Reactance  chart  (below).  The  approximate  reactauee 
in  ohms  of  any  capaeity  from  10  /*/ifd.  to  10  jafd.  at  any 
frequency  from  100  eyeles  to  100  megacycles  ean  be  read 
directly  from  the  chart.  Intermediate  values  can  be  esti- 
mated  by  interpolation.  In  making  interpolations,  it 
should  be  remembered  that  the  rate  of  change  between 
the  capaeity  lines  is  logaritbmic,  like  the  frequency  and 
reactance  scales;  e.g.,  a  point  half-way  between  1.0  and 
10  /xfd.  represents  approximately  3.0  /xfd. 
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COPPER  WIRE  TABLE 


Tube  Characteristks  and  Miscellaneous  Data 
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1  A  mil  is  1/1000  (one  thousandth)  of  an  inch. 

*  The  figuree  given  are  approximate  only,  since  the  thickness  of  the  insulation  varies  with  different  manufacturers. 

1  The  cunrent-carrying  capacity  at  1000  C.M.  per  ampere  ia  equal  to  the  circular-mil  area  (Column  3)  divided  by  1000. 
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RECEIVING  TUBE  DIAGRAMS 


Bottom  views  are  shown.  Terminal  designations  on  sockets  are  as  followa: 

BP  =>  Bayonet  Pin  H  =  Heater  P  =  Plate  (Anode)  S  =  Shell 

F  =  Filament  K  Cathode  Pi  =  Starter-Anode  TA  =  Target 

G  =»  Grid  NC  =  No  Connection  Pbf  =  Beam-Forming  Plates  •  =  Gas-Tvpe  Tube 

RC  =  Ray-Control  Electrode  IC  =  Internal  Connection  U  =  Unit 

Alphabetical  subscripts  D,  P,  T  and  HX  indicate,  respectively,  diode  unit,  pentode  unit,  triode  unit  or  hexode 
unit  in  multi-unit  types. 


7S  TT  7  U  7V  7W  7Z 


RECEIVING  TUBE  DIAGRAMS 

Bottom  views  are  shown.  Terminal  designations  on  sockets  are  as  followg: 

BP  =  Bayonet  Pin  II  =  Heater  P  »=  Plate  (Anode)  S  =  Shell 

F  =  Filament  K  =  Cathode  Pi  =  Starter-Anode  TA  =  Target 

G  =  Grid  NC  =  No  Connection  Pbf  =  Beam-Forming  Plates  •  =  Gas-Type  Tuhe 

RC  =  Ray-Control  Electrode  U  =  Unit 

Alphabetical  suhscripts  D,  P,  T  and  HX  indicate,  respectively,  diode  unit,  pentode  unit,  triode  unit  or  hcxode 
unit  in  multi-unit  types. 
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RECEIVING  TUBE  DIAGRAMS 


Bottom  views  are  shown.  Terminal  designations  on  eockets  are  as  follows: 

BP  =  Bayonet  Pin  H  =  Heater  P  =  Plate  (Anode)  S  =  Shell 

F  =  Filament  K  =  Cathode  Pi  =  Starter-Anode  TA  =  Target 

G  =  Grid  NC  =  No  Connection  Pbp  =  Beam-Fonning  Plates  •  =  Gaa-Type  Tube 

RC  “  Ray-Control  Electrode  U  =  Unit 

Alphabetical  subscripts  D,  P,  T  and  HX  indicate,  respectively,  diode  unit,  pentode  unit,  triode  unit  or  bexode 
unit  in  multi-unit  types. 


SOCKET  CONNECTIONS  FOR 
ACORN  TUBES 

Bottom  views  —  looking  at  short 
end. 
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Tube  Characteristics  and  Miscellaneous  Data 


TBANSMITTING  TUBE  BASE  DIAGRAMS 

Bottom  views  are  shown.  F  dcnotes  filament,  H  heater,  C  cathode,  G  grid,  S  screen  (or  shell  in  octal-based 
tubes),  P  plate,  Gi,  G2,  G.i,  etc.,  denote  grids  numbered  in  order  from  catbode  ontward;  numeral  subscripts 
in  multi-unit  tubes  denote  elements  common  to  one  unit. 
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Bottoru  views  are  shown.  F  denotes  filament,  H  heatcr,  C  cathode,  G  grid,  S  screen  (or  shcll  in  octal-based 
tubes),  P  plate.  Gi,  Ga,  G3,  etc.,  denote  grids  numbered  in  order  from  cathode  outward;  numcral  subscripts  in 
multi-unït  tubes  denote  elements  common  to  one  unit. 


Relative  Electrical  Condxictivity  of  Metals 
at  Ordinary  Temperatures 


(Based  on  Copper  as  100) 


Aluminum  (2S ;  pure) 

59 

Iron  (cast) . 

2-12 

Aluminum  (alloys): 

Iron  (wrougkt) . .  . . 

.  11.4 

Soft-annealed . 

45-50 

Lead . 

.  7 

Heat-treated . 

30-45 1 

Manganin . 

3.7 

Brass . 

28 

Mereury . 

1 . 66 

Cadmium . 

19 

Molybdenum . 

.  33.2 

Chromium . 

55 

Monel . 

4 

Climax . 

1.83 

Nichrome . 

1.45 

Cobalt . 

16.3 

Nickel . 

.  12-16 

Constantin . 

3.24 

Phosphor  Bronze .  . 

.  36 

Copper  tfiard  drawn). 

89.5 

Platinum . 

.  15 

Copper  (annealed) .  . . 

100 

Silver . 

.  106 

Everdur . 

6 

Steel . 

3-15 

German  Silver  (18%) 

5.3 

Tin . 

.  13 

Gold . 

85 

iTungsten . 

.  28.9 

Iron  (pure) . 

17.7 

Izinc . 

.  28.2 

Approximate  relations: 

An  increase  of  1  in  A.W.G.  or  B.  &  8.  wire  size  increaaes 
resistance  25%. 

An  increase  of  2  increaaes  resistance  60%. 

An  increase  of  3  increases  resistance  100%. 

An  increase  of  10  increases  resistance  10  times. 


Current  Capacity  of  Power  Wiring 

The  National  Board  of  Fire  Underwriters 
hae  established  the  following  as  maximum  cur¬ 
rent  densities  for  commonly-used  sizee  of  cop¬ 
per  wire  in  electrical  power  circuits: 


GauQt  No. 
B.  <£  S. 

CirctdaT 

Mü  Area  1 

Ampe 

res 

Rubber 

Insulation 

Other 

j  InsvJation 

1 

83690 

100 

150 

2 

66370 

90 

125 

4 

41740 

70 

90 

6 

26250 

50 

70 

8 

16510 

35 

50 

10 

10380 

25 

30 

12 

6530 

20 

25 

14 

4107 

15 

20 

16 

2583 

6 

10 

18 

1624 

3 

6 

SOCKET  CONNECTIONS  FOK  CATIIODE-RAY  TUBES 
H  denotes  heater,  C  cathode,  G  grid,  A  anode,  D  defiecting  plate,  COLL  collector.  Inner  rings  of  base  diagram 
indicate  socket  connections;  connections  on  outer  ring  iudicate  bulb  cap-type  terminals.  Views  are  from  bottoms 
of  tubes. 


TABLE  I  — MET  AL  RECE1VING  TUBES 
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TABLE  I— METAL  RECEIVING  TUBES  —  Continued 
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TABLE  II  — 6.3-VOLT  GLASS  TUBES  WITH  OCTAL  BASES  —  Continued 
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TABLE  II  — 6.3- VOLT  GLASS  TUBES  WITH  OCTAL  BASES  —  Continué 
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TABLE  lil  — 7- VOLT  LOKTAL-BASE  TUBES  —  Contjnued 
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TABLE  IV— 6.3-VOLT  GLASS  RECEIVING  TUBES  —  Continued 
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1  Refer  to  Receiving  Tube  Diagrams.  *  S.  —  smal!,-  M.  —  medium.  4  Grids  Nos.  t  and  2  lied  together;  srid  No.  3  connected  lo 

2  Suppressor  grid,  connected  lo  cathode  inside  tube,  not  ihown  on  5  Current  to  input  plats  (Pi).  plate. 

base  diagram.  *  Grids  Nos.  2  and  3  connected  to  plate.  1  Low  noise,  non-microphonic,  tubes. 

!  Also  known  as  Type  LA.  7  Grid  No.  2,  screen;  grid  No.  3,  suppressor.  10  Cathode  Resistor  780  ohms. 


TABLE  V  — 2.5-VOLT  RECEIV1NG  TUBES 


o  O 

az 


00  ■£ 
■  © 
o  m 
Zo 

Tl -o 

&.J 

c« 


OO 


©  ° 
•£-0 
£-8 
.1* 

«  ©  o 
'a=  o 

oCHCr» 
— -O-ö 


d  3  s' 
|zz 

Tl  Tl  Tl 

(BÖÖ 


“I 

b  i 


=  u| 

fel 

si* 
©  ©  ■- 
cc  c= 

cc 
*81 
•I?  I 

OCÖCO 


Type 

1 A4P 

1  A4T 
1A6 

Ü. 

co  50 

Power 

Output 

Wet!» 

i  i 

1  s 

1 

Load 

Resistance 

Ohms 

X 

e 

i° 

E 

1 

Amp, 

Factor 

750 

«  z 

r-  s/ 

TJ 

1000  j 

Transcon- 

ductance 

Micromhos 

750 

m 

© 

o 

in  O 

650 

.2  i  o 

«6  § 

©  «  § 

-ü  o 

-2  c  7- 

0-  « 

ooooos 

000096 

0 

O 

O 

O 

O 

m 

Plate 

Current 

Ma. 

2.3 

2.3 

1.3 

r- 

Screen 

Current 

Ma. 

0.8 

r» 

o'  <x 

90 

Screen 

Volts 

67.5 

67.5 

67.5 

67.5 

o.  5 
è>2  | 

O 
m  (ï> 

i  i 

-  3.0 

Plate 

Supply 

Volts 

180 

O  O 
00  00 

180 

Use 

R.F.  Amplifier 

R.F.  Amplifier 

Converter 

• 

c 

a 

E 

< 

ul 

oc 

Fil.  or  Heater 

H  .jo 
E  9 
C  |° 

1  900 
900 

900 

T|s 

q  o 
oioi 

2.0 

• 

*T3 

O  -J 

t  = 

u 

Fil. 

Fil. 

Fil. 

•  é- 

■o  i  =  2 

°  S.2 

*  -1 
^  O 

2 

T1 

2  c 

<2  a 

T* 

Ui  ui 

B  C 

'£  'E 
>4  *<b 

4-pin  S. 

© 

.  1 

i  5 

z 

• 

S> 

B 

« 

> 

■s  1 

o  © 

►3  > 

O  c 

t-5 
i  ~ 

-ü  m 
.2  £ 
3  S 

>  o. 

© 

c 

"E 

E 

< 

ul 

cc 

0 

J 

"e 

0 

Q_ 

1  | 

i-  < 

1 A4T 
1A6 

CL 

T-  v- 

flOio 

^o> 

295 


TABLE  VI  — 2.0- VOLT  BATTERY  RECEIVING  TUBES  —  Continued 


1  Refer  lo  Receiving  Tube  Diagrams.  2  Total  cwient  foi  bolh  sections;  no  lignal, 


TABLE  VIII  — 1.5- VOLT  FILAMENT  DRY-CELL  TUBES 

Se*  also  Tabla  X  for  Special  1.4-voll  Tubes 
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TABLE  VIII  — 1.5  VOLT  FILAMENT  DRY-CELL  TUBES —  Continued 
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TABLE  IX  —  HIGH-VOLTAGE  HEATER  TUBES  —  Continued 
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1  Refer  to  Receiving  Tube  Diagrams.  4  Maximum  rating,  correspondmg  to  t  30-volt  line  condition; 

2  M.  —  medium;  S.  —  small;  O. —  octal;  L.  —  loktal.  normal  rating  is  12.6  v.  for  117-v.  iine. 

3  Metal-sprayed  glass  envelope.  5  For  rectitier  data,  see  Table  XIII. 


TABLE  X  — MISCELLANEOUS  RECEIVING  TUBES 
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1  Refer  to  Receiving  Tube  Dlagrams.  6  Idling  current,  both  platos. 

2  M.  —  Medium;  S. — Small;  O.  —  Octal;  L.  —  Loktal.  8  Filament  mid-point  tap  permits  series  or  parallel  connection. 

s  Cathode  terminal  is  mid-point  of  filament;  use  series  connection  wlth  4  volts,  parallel  with  2  volts.  7  “Acorn"  type;  miniature  unbased  tubes  for  gltra-high  freguan* 

*  Triodes  connected  in  parallel.  cies.  See  Acorn  tube  Socket  Connections. 


TABLE  XI  — CONTROL  AND  REGULATOR  TUBES 
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TABLE  XII  —  CATHODE-RAY  TUBES  AND  KINESCOPES  —  Contfiwet/ 
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1  Refer  to  Reeeiving  Tube  Diagrams.  s  In  mm. /volt  d.e.  ....  ...  L,  .  . 

2  For  eurrent  cut-off.  Control  gtld  should  never  be  allowed  to  go  *  Phosphorescent  material  used  in  screen  determmes  persistence.  7  The  91 1  is  identical  to  906  except  For  the  gun  material,  which  is 

positive.  PI  is  phosphor  ol  medium  persistence.  P2  long,  P3  also  me-  designed  to  be  especially  (ree  From  magnetization  eFFects. 

■  Between  Anode  No.  2  and  any  deflecting  plate.  dium  but  especially  suited  lor  television,  P4  same  as  P3  but  8  Cathode  connected  to  pin  7. 

4  In  mw./sq.  cm.,  max.  white,  and  P5  short  persistence  For  oscillographic  use.  0  Refer  to  Cathode-Ray  Tube  Base  Diagrams. 


TABLE  XIII  —  RECTIFIERS — RECEIVING  AND  TRANSM1TTING 
See  also  Table  XI  —  Control  and  Regulator  Tubes 


Socket 
Base 2  Connec- 
tions1 


Fit.  or  Heoter 


Volts  Amps. 


BA  Full-Wave  Rectifier 

BH  Full-Wave  Rectifier 

BR  Half-Wave  Rectifier 

OZ4  Full-Wave  Rectifier 

1S  Half-Wave  Rectifier 

1-V"  Half-Wave  Rectifier 

2V3G  Half-Wave  Rectifier 

2W3  Half-Wave  Rectifier 

2X2  Half-Wave  Rectifier 

2Y2  Half-Wave  Rectifier 

2Z2  Half-Wave  Rectifier 

5T4 3  Full-Wave  Rectifier 

5U4G  Full-Wave  Rectifier 

5V4G  Full-Wave  Rectifier 

5W4  Full-Wave  Rectifier 

5X3  Full-Wave  Rectifier 

5X4G  Full-Wave  Rectifier 

5Y3G  Full-Wave  Rectifier 

5Y4G  Full-Wave  Rectifier 

5Z3  Full-Wave  Rectifier 

5Z4 3 _  Full-Wave  Rectifier 

6W5G  Full-Wave  Rectifier 

6X5 3  Full-Wave  Rectifier 

6Z3  Half-Wave  Rectifier 

6Z4  Full-Wave  Rectifier 

6Z5  Full-Wave  Rectifier 

6ZY5G  Full-Wave  Rectifier 

7Y4  Full-Wave  Rectifier 

1 2  A  7  Recti  fier-Pentode 14 

12Z3  Half-Wave  Rectifier 

12Z5  Voitage-Doubling 
Rectifier 

14Z3  Half-Wave  Rectifier 

25A7G  Rectifier-Pentode44 

25X6GT  Voitage-Doubling 
Rectifier 

25Y4GT  Half-Wave  Rectifier 

25Y5  Voltage-Doubling 
Rectifier 

25Z3  Half-Wave  Rectifier 
25Z4  Half-Wave  Rectifier 
25Z5  Rectifier-Doubler 
25Z6  Rectifier-Doubler 
32L7GT  Rectifier-Tetrode 14 
435Z3-LT  Half-Wave  Rectifier 
35Z4GT  Half-Wave  Rectifier 
35Z5G  Half-Wave  Rectifier 


Max.  #£•  Max. 

Output  lpv*?®  Plate  Type’ 
Pe°P°ate  C“™n'  Voltage  C“""n‘ 

350  350  Tube  drop  80  v.  G 

350  125  Tube  drop  90  v.  G 

300  50  Tube  drop  60  v.  G 

350  30-75  1250  I  200  G 


2.0  16500 


125  1100 


Htr.  14' 


Htr.  |  35 


Htr.  35» 


25013  100 


700  600 


TABLE  XIH  —  RECTIFIERS  —  RECEIVING  AND  TRANSMITTING  —  Continued 
See  also  Table  XI  —  Control  and  Regulator  Tubes 


Type 

No. 

Name 

Base? 

Socket 

Connee- 

Calhode 

Fil.  or  Heater 

Max. 

A.C. 

Voltage 
Per  Plate 

Max. 

D.C. 

Output 

Max. 

Inverse 

Peak 

Voltage 

Max. 

Peak 

Plate 

Type’ 

tions 1 2 3 

1 

Volts 

Amps. 

Current 

Ma. 

Current 

Ma. 

3576G 

Voltage  Doubler 

6-pin  O. 

6AD 

Htr. 

35 

0.3 

125 

110 

— 

500 

V 

40Z5GT 

Half- Wave  Rectifier 

6-pin  O. 

6AD 

Htr. 

40  s 

0.15 

125 

100 

— 

— 

V 

45  25GT 

Half-Wave  Rectifier 

6-pin  O. 

6AD 

Htr. 

45  8 

0.15 

125 

100 

— 

— 

V 

50Y6GT 

Full-Wave  Rectifier 

7-pin  O. 

7Q 

Htr. 

50 

0.15 

125 

85 

— 

— 

V 

50Z6G 

Voltage-Doubling 

7-pin  O. 

7Q 

Htr. 

50 

0.3 

125 

150 

_ 

_ 

V 

Rectifier 

50Z7G 

Voltage-Doubling 

8-pïn  O. 

8AN 

Htr. 

50 

0.15 

117 

65 

_ 

_ 

V 

Rectifier 

70A7GT 

Rectifier-Tetrode  14 

8-pin  O. 

8AA 

Htr. 

70 

0.15 

125 

60 

— 

— 

V 

70L7GT 

Rectifier-Tetrode  14 

8-pïn  O. 

8AA 

Htr. 

70 

0.15 

117 

70 

— 

350 

V 

2.0 

350 

125 

80 

Full-Wave  Rectifier 

4-pin  M. 

4C 

Fil. 

5.0 

400 

110 

— 

— 

V 

5506 

135 

81 

Half-Wave  Rectifier 

4-pin  M. 

4B 

Fil. 

7.5 

1.25 

700 

85 

— 

— 

V 

82 

Full-Wave  Rectifier 

4-pin  M. 

4C 

Fil. 

2.5 

3.0 

500 

125 

1400 

400 

M 

83 

Full-Wave  Rectifier 

4-pin  M. 

4C 

Fil. 

5.0 

3.0 

500 

250 

1400 

800 

M 

83-V 

Full-Wave  Reclifier 

4-pin  M. 

4L 

Htr. 

5.0 

2.0 

400 

200 

1100 

— 

V 

84/6Z4 

Full-Wave  Rectifier 

5-pin  $. 

5D 

Htr. 

6.3 

0.5 

350 

60 

1000 

— 

V 

117L7GT 

Rectifier-Tetrode  14 

8-pin  O. 

8  AO 

Htr. 

117 

0.09 

105 

75 

— 

— 

V 

117M7GT 

Rectifier-Tetrode  14 

8-pin  O. 

8AO 

Htr. 

117 

0.09 

117 

75 

— 

— 

V 

117N7GT 

Rectifier-Tetrode  14 

8-pin  O. 

8AV 

Htr. 

117 

0.09 

117 

75 

350 

450 

V 

117Z6G 

Full-Wave  Rectifier 

7-pin  O. 

7AR 

Htr. 

117 

58.5 

0.075 

0.15 

117 

60 

— 

— 

V 

836 

Half-Wave  Rectifier 

4-pin  M. 

A  4 

Htr. 

2.5 

5.0 

— 

— 

5000 

1000 

V 

866 

Half-Wave  Rectifier 

4-pin  M. 

A  4 

Fil. 

2.5 

5.0 

— 

250  10 

7500 

1000 

M 

866-A 

Half-Wave  Rectifier 

4-pin  M. 

A  4 

Fil. 

2.5 

5.0 

— 

250  >» 

10000 

1000 

M 

866B 

Half-Wave  Rectifier 

4-pin  M. 

A  4 

Fil. 

5.0 

5.0 

— 

— 

1  8500 

1000 

M 

866Jr. 

Half-Wave  Rectifier 

4-pin  M. 

4B 

Fil. 

2.5 

2.5 

1250 

2509 

M 

HY-866Jr. 

Half-Wave  Rectifier 

4-pin  M. 

A4 

Htr. 

2.5 

3.0 

1250 

250° 

3500 

— 

M 

RK-866 

Half-Wave  Rectifier 

4-pin  M. 

A4 

Fil. 

2.5 

5.0 

— 

250 »» 

10000 

1000 

M 

871 

Half-Wave  Rectifier 

4-pin  M. 

A  4 

Fil. 

2.5 

2.0 

1750 

250 

5000 

500 

M 

878  11 

Half-Wave  Rectifier 

4-pin  M. 

A  4 

Fil. 

2.5 

5.0 

7100 

5 

20000 

— 

V 

879  11 

Half-Wave  Rectifier 

4-pin  S. 

A4 

Fil. 

2.5 

1.75 

2650 

7.5 

7500 

100 

V 

872 

Half-Wave  Rectifier 

4-pin  J. 

P4 

Fil. 

5.0 

10.0 

— 

— 

7500 

5000 

M 

872-A 

Half-Wave  Rectifier 

4-pin  J. 

P‘ 

Fil. 

5.0 

10,0 

— 

— 

10000 

5000 

M 

975  A 

Half-Wave  Rectifier 

4-pin  J. 

P4 

Fil. 

5.0 

10.0 

— 

1500 

15000 

6000 

M 

1616 

Half-Wave  Rectifier 

4-pin  M. 

B4 

Fil. 

2.5 

5.0 

— 

130 

5500 

800 

V 

RK19 

Full-Wave  Rectifier 

4-pin  M. 

B4 

Htr. 

7.5 

2.5 

1250 

200  “ 

3500 

600 

V 

RK21 

Half-Wave  Rectifier 

4-pin  M. 

A  4 

Htr. 

2.5 

4.0 

1250 

200  10 

3500 

600 

V 

RK22 

Full-Wave  Rectifier 

4-pin  M. 

B4 

Htr. 

2.5 

8.0 

1250 

200 

3500 

600 

V 

RK60 

Full-Wave  Rectifier 

4-pin  M. 

B‘ 

Fil. 

5 

3.0 

750 

250 

2120 

— 

V 

1  Refer  to  Receiying  Tube  Diagram*. 

2  M. — medium;  S. — small;  O. — octal;  L. — Lolctal;  J. — jumbo. 

3  Metal  tube  series. 

4  Refer  to  Transmitting  Tube  Diagram*. 

s  Types  1  and  1  -V  interchangeable. 

9  With  input  choke  of  at  least  20  henrys. 

7  M. — Mercury-vapor  typ»;  V. — high-vacuum  type;  G. — Gas 

aous  Type. 

'  Tapped  for  pilot  lamp*. 


9  Per  pair  with  choke  input. 

10  Condenser  input. 

11  For  use  with  cathode-ray  tubes. 

15  Maximum  rating,  corresponding  to  130-volt  line  conditiën; 

normei  rating  is  12.6  v.  for  117-v.  line. 

11  With  100  ohms  min.  resistance  in  series  with  plate;  without 
series  resistor,  maximum  r.m.s.  plate  rating  Is  1 17  volts. 

14  For  other  data,  see  Table  IX. 
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TABLE  XIV  —  TRIODE  TRANSMITTING  TUBES 


Type 

04 

cc 

RK33 

HY114 

HY615 

RK34 

c 

ir 

C 

O 

ei 

00 

RK59 

HY31Z 

HY75 

1602 

841 

10 

RK10 

RK100 

1608 

310 

o 

co 

T20 

TZ20 

RK1 1 

Approx. 

Carrier 

Output 

Power 

Watts 

q 

ei 

m 

ei 

O 

04 

O 

04 

O 

V 

q 

■d 

O 

O 

in 

r*-’ 

q 

in 

04 

en 

00 

04 

e- 

04 

n  Tf 
n  04 

en 

q 

00 

in 

x 

O 

04 

6.0 

in 

ei 

04 

r- 

04 

CO 

25 

18 

in 

04 

00 

44 

00 

ei 

00 

ei 

m 

m 

CO 

ei 

04 

Approx. 
Grid 
Driving 
Power 
Watts 5 

in 

Ö 

0.54 

0.15 

0.25 

04 

d 

■** 

d 

co 

in 

r~; 

q 

q 

en 

in 

0'3 

II 

en 

ei 

in 

ei 

00 

q 

04 

04 

ei 

04 

04 

q 

04 

1 

04* 

q 

ei 

3.0 

O 

V 

in 

d 

4.0 

m 

'd 

3.6 

q 

e» 

3.75 

co 

■d 

04 

ei 

3.7 

04 

D.C. 

Gtid 

Current 

Ma. 

6.0 

6.0 

1.4 

q 

04 

v 

in 

04’ 

O 

04 

O 

T- 

o 

os 

o 

e-’ 

04 

in 

n  O 
-  04 

m 

in 

in 

in 

in 

04 

1.0 

q 

cd 

40 

O 

04 

o 

04 

m 

in 

in 

m 

00 

in 

CO 

04 

ei 

04 

04 

04 

04 

Plate 

Current 

Ma. 

16.5 

O 

04 

in 

in 

o 

04 

O 

04 

O 

00 

in 

in 

en 

O 

fO 

o 

ei 

06 

m 

r- 

in 

r- 

5  oo 

m 

m 

in 

O 

in 

o 

in 

in 

*o 

O 

in 

O 

’t 

o 

00 

185 

in 

O 

in 

00 

in 

'O 

in 

in 

m 

O 

in 

in 

in 

00 

g 

m 

00 

o 

r- 

105 

in 

00 

co 

ei 

Grid 

Voltage 

in 

't 

1 

O 

O 

1 

in 

04 

04 

1 

40 

04 

04 

1 

in 

ei 

1 

in 

ei 

1 

O 

en 

1 

04 

T 

•^r 

T 

o 

'’T 

T 

o 

in 

T 

O 

*o 

1 

in 

en 

1 

m 

1 

5  o 
h  o 

i 

-115 

-135 

ei 

1 

h- 

’t 

1 

8 

T 

O 

o 

T 

O 

r^ 

T 

1 

1 

O 

I 

08  - 

O 

in 

T 

O 

O* 

T 

O 

in 

T 

O 

Q> 

T 

m 

00 

1 

O 

T 

§ 

i 

o 

o 

T 

O 

04 

T 

O 

04 

T 

o 

en 

T 

Plate 

Voltase 

O 

00 

055 

O 

00 

o 

co 

O 

o 

ei 

O 

o 

n 

300 

400 

350 

o 

in 

0SE 

500 

O 

o 

in 

O 

o 

Z>  o 
n  in 
♦ 

O 

m 

350 

450 

350 

O 

m 

o 

in 

ei 

450 

o 

110 

m 

04 

o 

in 

en 

009 

oos 

009 

oos 

750 

O 

in 

r- 

o 

in 

r* 

o 

m 

r-» 

o 

in 

r- 

009 

o 

m 

r* 

Typical  Operation 

O 

ja 

o 

0 

d 

E 

< 

U 

e 

Ü 

O 

o 

‘ö 

0 

d 

E 

< 

U 

£ 

0 

Class-C  Amp.-Oscillator 

■d 

o 

2 

® 

CL 

d 

E 

< 

KJ 

M 

« 

kj 

o 

15 

’u 

0 

d 

E 

< 

U 

éi 

O 

U 

“d 

o 

2 

® 

0. 

d 

E 

< 

KJ 

SS 

kj 

O 

e 

u 

0 

d 

E 

< 

U 

« 

kj 

O 

5 

o 

0 

d 

E 

< 

KJ 

tD 

u 

TJ 

O 

5 

d 

E 

< 

KJ 

KJ 

5 

5 

o 

0 

d 

E 

< 

KJ 

SS 

u 

■d 

o 

2 

j» 

£ 

d 

E 

< 

KJ 

o 

U 

o 

15 

’u 

0 

d 

E 

< 

U 

o 

U 

o 

2 

o 

<5 

d 

E 

< 

U 

¥> 

•S 

ö 

Class-C  Amp.  Plafe-Mod. 

a- 

o  o 
2  2 
5  i 
3e 

d  d 
E  E 
<  < 
J  KJ 

S  SS 

J  u 

9 

JE 

a 

« 

ei 

_® 

® 

d 

E 

< 

KJ 

a 

KJ 

> 

c 

0 

_e 

a 

_® 

® 

d 

E 

< 

KJ 

SS 

KJ 

9 

_e 

a 

a 

O) 

_® 

® 

d 

E 

< 

<J 

SS 

u 

Class-C  Amp.  (Telephony) 

9 

_c 

Q 

g 

m 

_® 

® 

d 

E 

< 

U 

SS 

0 

9 

c 

O 

a 

® 

® 

h- 

d 

E 

< 

U 

u 

d 

E 

< 

“O 

® 

3 

"0 

o 

2 

(5 

5 

_« 

u 

ö 

U 

<0 

KJ 

® 

4E 

*a 

E 

< 

U 

SS 

u 

9 

_c 

a 

J0 

& 

® 

® 

d 

E 

< 

U 

G 

9 

c 

o 

jr 

a 

• 

é 

d 

E 

< 

U 

SS 

u 

9 

JZ 

Q 

2 

01 

_® 

® 

h- 

d 

E 

< 

U 

SS 

KJ 

>* 

c 

O 

_e 

a 

j® 

"® 

H 

d 

E 

< 

U 

SS 

u 

*9 

_c 

Q 

2 

07 

-2 

® 

5^, 

d 

E 

< 

KJ 

SS 

KJ 

Class-C  Amp.  (Telephony) 

9 

_c 

a 

2 

o> 

® 

*® 

d 

E 

< 

U 

SS 

0 

Class-C  Amp.  Plete-Mod. 

9 

-C 

Q 

2 

oi 

_® 

® 

t 

d 

E 

< 

KJ 

jo 

U 

~6 

o 

2 

J) 

n 

E 

d 

E 

< 

KJ 

SS 

0 

Class-C  Amp.  (Teiegraphy) 

~6 

o 

2 

_® 

jó 

Cl 

d 

E 

< 

KJ 

SS 

KJ 

d 

E 

< 

■o 

1 

"3 

■ö 

o 

2 

(5 

«  U 
®  ffl  „ 

til 

«u- 

kj 

> 

> 

N 

cc 

u 

o 

ï 

>- 

U 

u 

u 

HH 

VJ 

KJ 

KJ 

Urn 

LL. 

LL. 

® 

ca 

ui 

c 

a 

4 

S  u!a'i 

5-pln  O. 

5-pin  O. 

5 

C 

’o. 

4-pin  M. 

5-pin  M. 

4-pin  M. 

4-pin  M. 

5-pin  O. 

2 

e 

’a. 

4- 

4-pin  M. 

4-pin  M. 

6-pin  M. 

2 

Q 

4 

4-pin  M. 

4-pin  M. 

2 

c 

’d 

4 

4-pin  M. 

4-pin  M. 

-ri 

U  =*■ 

u  2 
£  2 
£  5 

c  c 
—  a 
« 
u 

Plate 

to 

Fil. 

in 

04 

0.6 

1.7 

00 

d 

3.3 

4.0 

q 

T- 

1.9 

i 

3.0 

3.0 

4.0 

3.0 

3.0 

04 

04 

1.5 

0.7 

0.6 

0.9 

-o  ® 
“  O  c 

0~E 

in 

in 

04 

1 

CO 

1.7 

1.7 

04 

4.8 

4.5 

O 

o' 

O'S 

i 

7.0 

7.0 

q 

00* 

O 

9.0 

7.0 

6.0 

5.1 

O'S 

7.0 

Grid 

to 

Fil. 

!A 

m 

04 

1 

CO 

1.2 

in 

04 

■d 

5.2 

4.0 

q 

in 

q 

in 

i 

4.0 

4.0 

3.0 

en 

04 

8.5 

4.0 

4.5 

4.9 

5.3 

7.0 

Amp. 

Factor 

q 

00 

i 

O 

04 

04 

04 

en 

7.2 

7.7 

in 

04 

in 

o 

q 

co 

O 

e> 

8.0 

40 

O 

04 

8.0 

8.0 

O 

04 

2 

O 

o 

04 

Max. 

D.C. 

Grid 

Current 

Ma. 

O 

<> 

6.0 

4.0 

4.0 

O 

04 

O 

7.5 

in 

04 

in 

o 

04 

in 

O 

04 

in 

100 

in 

04 

in 

m 

m 

04 

O 

ei 

m 

e> 

Max. 

Plate 

Current 

Ma. 

o 

04 

O 

04 

m 

O 

04 

O 

00 

o 

m 

O 

O 

O- 

m 

r- 

O 

o 

8 

S 

in 

O 

O 

in 

04 

in 

O 

O 

r-e 

O 

m 

00 

m 

00 

105 

Max. 

Plate 

Voltage 

o 

00 

250 

180 

300 

o 

o 

en 

O 

O 

't 

450 

oos 

500 

450 

450 

450 

450 

150 

m 

04 

600 

009 

750 

750 

750 

Cathode 

Amps. 

04 

d 

0.12 

0.12 

0.15 

0.8 

q 

2.5 

q 

2.5 

m 

04 

m 

04 

1.25 

1.25 

60 

2.5 

m 

04 

1.25 

1.75 

1.75 

3.0 

Volts 

05 

O 

04 

6.3 

en 

<5 

4.5 

2.5 

6.3 

6.3 

6.3 

7.5 

7.5 

7.5 

6.3 

04 

7.5 

7.5 

7.5 

7.5 

6.3 

Max. 

Plate 

Dissipa- 

tion 

Watts 

m 

in 

04 

2.5 

3.5 

O 

■e— 

T- 

m 

V- 

in 

in 

in 

in 

in 

in 

5 

O 

04 

O 

04 

O 

04 

O 

04 

O 

04 

in 

04 

Type 

04 

* 

GC 

e» 

co 

o: 

HY114  * 

* 

in 

? 

i 

RK34 

O 

in 

o 

04 

843 

O' 

in 

* 

o: 

N 

m 

> 

I 

HY75 

1602 

841 

O 

si 

RK100  “ 

1608 

310 

O 

00 

O 

04 

h- 

O 

04 

ti 

X 

CC 
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TABLE  XIV  — TRIODE  TRANSMITTING  TUBES  —  Continued 


Type 

04 

£ 

CU 

04 

I 

HY30Z 

HY25 

1623 

Twin  30 

31 6  A 

608 

RK30 

O 

O 

00 

00 

04 

RK1 8 

RK31 

HY40 

HY40Z 

T40 

K  i-  "  t  „ 

g.ï  ajs 

Q,  £  +£  >  © 
ö.  «  ^ 

10 

m 

» 

<o 

O 

o 

§ 

tn 

09 
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01 
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tn 
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0 

o 

<& 

in 

<3 

o 

m 

in 

co 

w 

04 

0 

04 
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00 
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Approx. 
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in 
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Voltage 
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Antenna  Fundamentals 


Wave  Propagation  —  The  Half -Wave  Antenna  —  Radiation  — 
Reflection  front  the  Ground  —  Directional 
Characteristics 


Foo  often  an  amateur  erects  an  antenna 
system  without  a  clear  understanding  of  the 
characteristics  possessed  by  the  particular 
type  chosen  and,  consequently,  with  little  re- 
gard  for  the  all-important  question  of  whether 
or  not  those  characteristics  are  suited  to  the 
purpose  for  which  the  antenna  is  intended.  Be- 
fore  one  can  select  the  right  tooi  for  a  job  he 
must  know  what  that  job  is.  The  antenna’s 
job  is  that  of  radiating  electro-magnetic  waves 
in  such  a  way  that  they  will  reach  a  desired  re- 
ceiving  point  with  maximum  intensity.  Ob- 
viously,  then,  we  must  know  something  about 
the  nature  of  radio  waves  and  how  they  travel 
before  we  can  consider  how  most  effectively 
to  start  them  on  their  way. 


causes  the  wire  to  radiate  an  electro-magnetie 
wave  of  its  own.  Reflection  also  can  occur  in 
the  upper  atmosphere,  as  described  in  the 
following  paragraphs. 

The  Ionospheie 

Radio  waves  not  only  travel  along  the  sur- 
face  of  the  earth  in  the  lower  atmosphere,  for 
short-distance  communication ;  they  also  travel 
through  the  upper  regions  far  above  the  earth 
for  long-distance  communication. 

The  general  idea  of  the  paths  followed  by 
radio  waves  for  both  direct-ray  and  indirect- 
ray  communication  is  illustrated  in  Fig. 
2101-A.  As  would  be  expected,  a  direct  ray 
travels  out  from  the  transmitter  along  the 


•  THE  NATURE  OF  RADIO  WAVES 

Radio  waves  are  of  the  same  nature  as  light 
waves,  traveling  with  the  same  velocity  of 
186,000  miles  or  300,000  kilometers  per  second. 
They  are  electro-magnetic  waves,  having  an 
electric  component  and  an  accompanying  mag- 
netic  component,  the  two  being  at  right  angles 
to  each  other  in  space.  The  waves  are  plane 
waves  and  the  plane  of  the  electric  and  mag- 
netic  components  is  always  at  right  angles  to 
the  line  along  which  the  waves  are  traveling. 
The  wave  is  saidto  beverticallypolarized  when 
it  travels  with  its  electric  component  per- 
pendicular  to  the  earth,  and  is  said  to  be 
Horizon  tally  polarized  when  the  electric  com¬ 
ponent  is  parallel  to  the  earth.  The  polariza- 
tion  at  transmission  will  correspond  to  the  po- 
sition  of  the  antenna  which  radiates  the  waves, 
vertical  or  horizontal,  although  the  polariza- 
tion  may  shift  as  the  wave  travels  through 
space  or  encounters  incidental  conductors  in 
its  path.  The  polarization  of  the  waves  at  the 
receiving  point  is  of  practical  importancebe- 
cause  the  voltage  induced  in  the  receiving 
antenna  will  be  greatest  when  the  antenna  is 
placed  to  suit  the  particular  polarization  of  the 
wave  —  vertical  for  vertically-polarized  waves 
and  horizontal  for  horizontally-polarized  waves. 

Radio  waves,  like  light  waves,  can  be  re- 
flected  and  refracted.  Reflection  occurs  when 
the  wave  strikes  a  conductor,  such  as  a  wire. 
A  current  is  set  up  in  the  wire,  and  in  turn 
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Fig.  2101  —  Illustrating  ground-wave  and  sky-wave 
transmission  of  radio  waves.  The  density  of  the  dots  in- 
dicates  that  the  electron  density  in  the  ionosphere  in- 
creascs  and^  then  decreases  as  the  altitude  becomes 
greater.  This  is  a  simplificd  reprcsentation;  actually 
there  are  other  ionized  layers  which  affect  different 
frequencies  in  different  ways. 
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surfaee  of  the  earth  and  will  be  received 
strongly  at  a  relatively  near-by  point.  This 
part  of  the  radiation  is  commonly  called  the 
ground  wave.  It  is  rapidly  weakened  or  atten- 
uated  as  it  progresses,  until  finally  it  is  no 
longer  of  useful  strength.  Moreover,  the  rapid- 
ity  with  which  the  ground  wave  is  attenuated 
is  greater  as  its  frequency  is  higher  (or  as  its 
wavelength  is  shorter). 

But  not  all  the  energy  radiated  by  the  an¬ 
tenna  is  in  waves  along  the  surfaee.  The  greater 
part  is  likely  to  be  at  angles  considerably 
above  the  horizontal,  in  fact.  These  higher- 
anglesky  waves  would  travel  on  outward  into 
space  indefinitely,  and  would  be  of  no  practical 
use  for  communication,  if  they  were  not  bent 
back  to  earth  again.  This  bending  action  is  ex- 
plained  by  the  existence  of  a  region  of  ionized 
atmosphere,  known  as  the  ionosphere,  sur- 
rounding  the  earth.  The  possibility  of  radio 
waves  being  returned  from  such  an  ionized 
region  was  proposed  almost  simultaneously  by 
A.  E.  Kennelly  in  America  and  by  Oliver 
Heaviside  in  England  in  1902,  many  years 
before  long-distance  short-wave  communica¬ 
tion  demonstrated  its  proof.  In  honor  of  these 
two  scientists,  the  ionosphere  has  been  long 
known  also  as  the  Kennelly-Heavislde  layer. 
The  ionosphere  is  not  strictly  a  single  layer, 
however.  Dr.  Kennelly  suggested  this  in  his 
original  proposal  and  investigations  have 
shown  that  there  are  several  distinct  layers,  as 
will  be  explained  in  the  following  paragraphs. 

How  Sky  tPaves  Are  Bent  by  Refraction 

The  ionization  of  air  molecules  mentioned 
above  is  the  result  of  bombardment  by  cosmic 
and  solar  radiation,  breaking  the  molecules 
into  free  eleetrons  and  positive  ions.  This 
ionization  is  inappreciable  in  the  air  near  the 
earth’s  surfaee,  to  which  the  ionizing  radiations 
penetrate  to  only  a  slight  extent,  and  in  which 
the  eleetrons  and  ions  recombine  so  quickly  as 
to  permit  the  eleetrons  practically  no  free  path. 
It  is  considerable  in  the  thin  atmosphere  at 
heights  extending  between  approximately  40 
and  250  miles  (70  to  400  kilometers).  It  is  the 
presence  of  the  free  eleetrons  resulting  from 
ionization  in  this  region,  and  the  relatively  long 
free  path  there  allowed  the  electron  before  re- 
combination,  which  is  principally  responsible 
for  bending  of  the  sky  waves. 

For  the  amateur  frequencies  between  7000 
kc.  (40-meter  band)  and  30,000  kc.  (10-meter 
band),  the  bending  is  practically  all  refraction. 
That  is,  a  wave  entering  the  increasingly 
ionized  region  from  the  lower  atmosphere  has 
its  velocity  increased  by  the  increased  con- 
ductivity  due  to  the  presence  of  the  free  elec- 
trons,  and  more  or  less  gradually  has  its  course 
turned  away  from  the  ionized  region,  back 
towards  the  earth.  One  way  of  visualizing 
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this  is  to  consider  the  wave  as  two  adjacent 
rays,  one  above  the  other.  The  upper  ray 
travels  faster  than  the  lower  ray  as  it  progresses 
into  the  ionosphere  because  it  is  in  the  denser 
electron  atmosphere.  Hence,  it  tends  to  gain  on 
the  lower  ray,  with  the  consequence  that  the 
path  of  the  wave  is  curved  downward  to  earth 
—  somewhat  as  the  left  wheel  of  a  vehicle 
turning  faster  than  the  right  will  cause  a 
change  of  direction  to  the  right.  A  suggestion 
of  this  refracting  action  is  given  for  sky  waves 
in  Fig.  2101. 

Skip  Diatance  and  Layer  Height 
The  sharpness  with  which  this  bending  oc- 
curs  is  the  greater  as  the  frequency  of  the  wave 
is  lower.  At  3500  kc.  and  lower  frequencies  the 
sky  wave  usually  will  return  quite  close  to  the 
transmitting  point,  within  the  range  covered 
by  the  ground  wave,  as  well  as  at  greater  dis- 
tances.  At  7000  kc.,  however,  the  sky  wave 
often  will  not  return  this  close  to  the  trans- 
mitter,  and  there  will  be  a  zone  of  silence  from 
the  farther  limit  of  the  ground  wave  to  the 
closest  point  at  which  the  sky  wave  returns. 
This  no-signal  interval  is  known  as  the  skip 
distance,  from  the  fact  that  the  signals  seem  to 
skip  over.  The  skip  distance  increases  with  fre¬ 
quency,  until  at  frequencies  in  the  28-Mc. 
band  it  becomes  so  great  that  the  returning 
signal  is  likely  to  miss  the  earth  and  not  to  be 
heard  under  ionosphere  conditions  prevailing 
much  of  the  time. 

As  shown  by  Fig.  2101-A,  the  bending  at  a 
given  frequency  is  also  determined  by  the 
angle  at  which  the  wave  strikes  the  ionized  re¬ 
gion.  Waves  entering  the  ionosphere  at  grazing 
incidence  are  much  more  readily  refracted  than 
those  which  approach  it  nearly  perpendicu- 
larly.  At  the  higher  frequencies,  in  fact,  waves 
which  strike  the  ionosphere  at  relatively  high 
angles  with  respect  to  the  horizon  are  not  re¬ 
fracted  sufficiently  to  be  returned  to  earth,  and 
hence  are  not  useful  for  communication.  Un¬ 
der  all  except  very  abnormal  conditions, 
56-Mc.  waves,  for  instance,  are  not  refracted 
by  the  ionosphere  even  thougk  the  angle  is 
very  low. 

The  degree  of  bending  is  a  function  of  the  in- 
tensity  of  ionization.  This  varies  with  the  time 
of  day,  as  the  portion  of  the  earth  under  con- 
sideration  receives  more  or  less  radiation  from 
the  sun,  so  that  transmission  conditions  go 
through  daily  cycles.  The  ionization  also  is 
influenced  by  cyclic  changes  in  the  condition 
of  the  sun  itself,  so  that  similar  variations  fol- 
low  the  27-day  and  11-  or  22-year  sun-spot 
activity  cycles.  The  effect  of  the  latter  varia¬ 
tions  is  more  apparent  on  the  higher  frequen¬ 
cies  —  14  and  28  Mc.  —  where  conditions  for 
refraction  are  most  critical. 

Measurements  have  shown  that  there  are 
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three  ionized  regions  or  layers  of  a  major  na¬ 
ture,  with  others  occasionally  making  an  ap- 
pearance.  The  three  are  called  the  E  layer,  the 
Fi  layer  and  the  F2  layer.  Measurements  made 
at  Washington,  D.  C.,  by  the  U.  S.  Bureau  of 
Standards  show  that  the  E  layer  has  a  virtual 
height  of  approximately  70  miles  for  the  lower 
frequeneies  in  this  range  during  daytime.  At 
mid-frequencies  the  waves  penetrate  this  layer 
and  are  returned  from  the  F 1  layer  at  a  height 
of  approximately  140  miles.  At  the  higher  fre- 
quencies  the  waves  penetrate  both  the  E  and 
F\  layers  and  are  returned  from  the  Ft  layer  at 
a  height  of  200-250  miles.  Towards  evening 
the  F i  and  Ft  layers  appear  to  merge,  leaving 
only  the  one  layer  in  the  F  region  at  a  virtual 
height  of  approximately  185  miles  during  the 
night. 

The  layer  prineipally  effective  for  long- 
distance  communication  at  night  is  the  F 
layer,  while  any  one  of  the  three  may  be  effec¬ 
tive  for  sky-wave  transmission  during  the 
daytime,  depending  on  the  frequency  and 
degree  of  ionization. 

Ultra-High  Frequency  Waves 

Although  waves  of  ultra-high  frequency 
(above  30  Mc.)  are  only  rarely  bent  back  to 
earth  by  the  ionosphere,  studies  in  reception  of 
56-Mc.  transmissions  over  distances  of  100 
miles  or  so,  which  are  greater  than  the  ground 
wave  or  optical  range,  have  shown  evidence  of 
bending  in  the  lower  atmosphere.  Investiga- 
tions  by  the  A.R.R.L.  technical  staff  during 
1934  and  1935  showed  that  this  bending  ac- 
companies  the  presence  below  10,000-foot 
altitude  of  warmer  air  layers  over  cooler  sur- 
face  air;  that  is,  it  accompanies  the  occurrence 
of  temperature  inversions  in  the  lower  at¬ 
mosphere.  Apparently  there  is  cause  for  suffi¬ 
ciënt  refraction  at  56  Mc.,  and  at  112  Mc.,  to 
give  “air-wave”  communication  at  distances 
greater  than  would  be  possible  with  line-of- 
sight  transmission. 

Wave  Propagation  in  Relation  to  Antenna 
Design 

An  important  practical  lesson  to  be  learned 
from  the  peculiarities  of  radio  wave  travel  is 
that  transmission  will  be  most  effective  when 
the  energy  radiated  from  the  antenna  is  con- 
centrated  on  the  ionosphere  at  an  angle  which 
Will  put  the  best  signal  down  at  the  receiving 
point.  For  long-distance  communication  this 
means  that  the  maximum  radiation  should  be 
more  nearly  horizontal  than  vertical;  that  is, 
low-angle  radiation  is  desirable,  especially  on 
the  14-  and  28-Mc.  bands. 

>Available  data  indicate  that  under  most 
conditions,  28-Mc.  waves  traveling  at  an  angle 
of  more  than  15  dcgrces  or  so  with  the  horizon 
Beldom  are  returned  to  earth  by  the  iono¬ 


sphere  ;  on  the  average,  the  optimum  angle  lies 
between  5  and  10  degrees.  On  14  Mc.  the  nor- 
mal  upper  limit  is  about  30  degrees,  with 
angles  up  to  15  or  20  degrees  being  most  effec¬ 
tive.  On  7  and  3.5  Mc.  purely  vertical  radiation 
often  is  returned;  angles  up  to  at  least  45 
degrees  are  effective  under  most  conditions  on 
the  former  band,  and  to  a  still  higher  figure  on 
the  latter.  In  the  discussion  of  antenna  radia¬ 
tion  characteristics  in  this  chapter,  angles  of  9 
degrees  for  28  Mc.,  15  degrees  for  14  Mc.,  and 
30  degrees  for  7  and  3.5  Mc.  have  been  as- 
sumed  as  representing  average  conditions  for 
comparative  purposes.  Purely  horizontal  radia¬ 
tion  over  any  considerable  distance  is  practi- 
cally  unattainable  at  the  higher  frequeneies 
because  of  rapid  absorption  of  energy  by  the 
ground. 

The  question  of  polarization  also  deserves 
some  consideration.  Experimental  data  show 
that  at  7  Mc.  and  higher  the  waves  usually  are 
horizontally  polarized  at  the  receiving  point 
regardless  of  the  polarization  of  the  transmit- 
ting  antenna.  It  is  thought  that  this  “ironing- 
out”  of  the  polarization  occurs  when  the  wave 
is  refracted  in  the  ionosphere,  perhaps  also  as 
the  result  of  influence  of  the  ground  near  the 
receiving  antenna.  On  3.5  Mc.  the  polarization 
is  variable,  and  on  1.75  Mc.  is  chiefly  vertical. 
The  conclusion  to  be  drawn  is  that  on  the  3.5- 
Mc.  and  higher-frequency  bands  little  con¬ 
sideration  need  be  given  polarization  at  the 
transmüting  antenna.  For  receiving,  however,  a 
horizontal  antenna  is  preferable  not  only  be¬ 
cause  it  will  give  greatest  output  from  the 
horizontally  polarized  waves,  but  also  because 
most  local  electrical  interference  (from  ma¬ 
chines,  automobile  ignition,  etc.)  prevalent  on 
the  higher  frequeneies  is  vertically  polarized, 
hence  the  response  to  such  interference  will  be 
minimized.  On  1.75  Mc.  vertical  polarization 
is  to  be  preferred  from  the  standpoint  of  effec¬ 
tive  transmission,  but  may  lead  to  interfer¬ 
ence  with  near-by  broadcast  receivers,  the  an¬ 
tennas  for  which  also  respond  well  to  vertioally- 
polarizcd  waves. 

•  THE  HALF-WAVE  ANTENNA 

The  fundamental  form  of  antenna,  and  the 
one  in  widest  practical  use  for  short-wave  work, 
is  a  single  wire  whose  length  is  approximately 
equal  to  half  the  transmitting  wave-length.  It 


Fig.  21 02  —  Current  and  voltage  distribution  on  a 
half-wave  antenna. 
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is  important  to  understand  its  properties  be- 
cause  the  half-wave  antenna  is  the  unit  from 
which  many  more  complex  forms  of  antennas 
are  constructed.  It  is  sometimes  known  as  a 
Hertz  or  doublet  antenna. 

It  was  explained  in  Chapter  3  that  when 
power  is  fed  to  such  an  antenna  the  current  and 
voltage  vary  along  its  length.  The  distribution , 
which  is  practically  the  form  of  a  sine  curve, 
is  shown  in  Fig.  2102.  The  current  is  maximum 
at  the  center  (a  point  of  maximum  is  known  as 
a  loop  or  antinode)  and  nearly  zero  at  the  ends, 
while  the  opposite  is  true  of  the  r.f.  voltage. 
The  current  does  not  actually  reach  zero  at  the 
current  nodes,  or  minimum  points,  because  of 
the  effect  of  capacitance  at  the  ends  of  the 
wire  (end  effect) ;  similarly,  the  voltage  is  not 
zero  at  its  node  because  of  the  resistance  of  the 
antenna,  which  consists  of  both  the  r.f.  re¬ 
sistance  of  the  wire  (ohmic  resistance)  and  the 
radiation  resistance.  Usually  the  ohmic  re¬ 
sistance  of  a  half-wave  antenna  is  small 
enough,  in  comparison  with  the  radiation 
resistance,  to  be  neglected  for  all  practical 
purposes.  Radiation  resistance  has  been  de- 
fined  in  Chapter  3. 

Antenna  Impedance 

The  radiation  resistance  of  a  half-wave  an¬ 
tenna  in  free  space  —  that  is,  sufficiently  re- 
moved  from  surrounding  objects  so  that  they 
do  not  affect  the  antenna’s  characteristics  — 
is  73  ohms,  approximately.  The  value  under 
practical  conditions  will  vary  with  the  height 
of  the  antenna,  but  is  commonly  taken  to  be  in 
the  neighborhood  of  70  ohms.  It  is  pure  re¬ 
sistance,  and  is  measured  at  the  center  of  the 
antenna.  The  antenna  impedance  at  any  point 
will  be  equal  to  the  voltage  divided  by  the 
current  at  the  point.  The  impedance  is  mini¬ 
mum  at  the  center,  where  it  is  equal  to  the 
radiation  resistance,  and  increases  toward  the 
ends.  The  end  value  will  depend  on  a  number 
of  factors  such  as  the  height,  physical  con- 
struction,  and  the  position  with  respect  to 
ground  (horizontal  or  vertical). 

The  impedance  is  an  important  quantity 
which  must  be  taken  into  account  when  meth- 
ods  of  feeding  power  to  the  antenna  are  under 
consideration. 

Physical  Length 

The  length  of  a  half-wave  in  space  is 
492 

length  (feet)=preq  (Mc  )  (1) 

The  actual  length  of  a  half-wave  antenna 
will  not  be  exactly  equal  to  the  half  wave- 
length  in  space  but  is  usually  about  5%  less, 
because  of  end  effects.  The  reduction  factor 
increases  slightly  as  the  frequency  is  increased. 
Under  average  conditions,  the  following  for- 


mula  will  give  the  length  of  a  half-wave  an¬ 
tenna  to  sufficiënt  accuracy: 

Length  of  half-wave  antenna  (feet)  =* 
492X0-95  _  468 

Freq.  (Mc.)  Freq.  (Mc.) 

Differences  of  a  few  per  cent  in  length  will 
make  no  appreciable  difference  in  the  radiation 
characteristics  of  the  antenna,  but  may  have 
an  effect  on  the  operation  of  the  feeder  system 
used.  This  will  be  considered  in  Chapter  22. 

Radiation  Characteristics 
The  radiation  from  a  half-wave  antenna  is 
not  uniform  in  all  directions  but  varies  with 


Fig.  2103  —  Free-space  radiation  pattern  of  half- 
wave  antenna.  The  antenna  ia  ahown  in  the  vertical 
position.  Thia  is  a  cross-section  of  the  solid  pattem 
deacribed  by  the  figure  when  rotated  on  its  axis  (the 
antenna).  The  "doughnut”  form  of  the  aolid  pattern  can 
easily  be  visualized  by  imagimng  the  drawing  glued  to 
cardboard,  with  a  short  length  of  wire  fastened  on  to 
represent  the  antenna.  Then  twirling  the  wire  will  give  a 
viaual  representation  of  the  solid  pattern. 

the  angle  with  respect  to  the  axis  of  the  wire. 
It  is  most  intense  in  directions  at  right-angles 
to  the  wire,  and  zero  along  the  direction  of  the 
wire  itself,  with  intermediate  values  at  inter- 
mediate  angles.  This  is  shown  by  the  sketch  of 
Fig.  2103,  which  represents  the  radiation  pat¬ 
tern  in  free  space.  The  relative  intensity  of 
radiation  is  proportional  to  the  length  of  a  line 
drawn  from  the  center  of  the  figure  to  the 
perimeter.  If  the  antenna  is  vertical,  as  shown 
in  the  figure,  then  the  field  strength,  the  meas- 
ure  of  signal  intensity,  will  be  uniform  in  all 
horizontal  directions;  if  the  antenna  is  hori¬ 
zontal,  the  relative  field  strength  will  depend 
upon  the  direction  of  the  receiving  point  with 
respect  to  the  direction  of  the  antenna  wire. 

•  GROUND  EFFECTS 

When  the  antenna  is  near  the  ground,  as  all 
amateur  antennas  are,  the  free-space  pattern 
of  Fig.  2103  is  modified  by  reflection  of  radi- 
ated  waves  from  the  ground,  so  that  the  actual 
pattern  is  the  resultant  of  the  free-space  pat¬ 
tern  and  ground  reflections.  This  resultant  is 
dependent  upon  the  height  of  the  antenna  and 
its  position  or  orientation  with  respect  to  the 
surface  of  the  ground.  The  reflected  waves 
may  be  in  such  phase  relationship  to  the 
directly-radiated  waves  that  the  two  com- 
pletely  reinforce  each  other,  or  the  phase 
relationship  may  be  such  that  complete  can- 
cellation  takes  place.  All  intermediate  values 
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also  are  possible.  In  other  words,  the  effect  of  a 
perfectly-reflecting  ground  is  such  that  the 
original  free-space  field  strength  may  be  multi- 
plied  by  a  factor  which  has  a  maximum  value 
of  2,  for  complete  reinforcement,  and  ha  ving 
all  intermediate  values  to  zero,  for  complete 
cancellation.  Since  waves  are  always  reflected 
upward  from  the  ground  (assuming  that  the 
eurface  is  fairly  level)  these  reflections  only 
affect  the  radiation  pattern  in  the  vertical 
plane  —  that  is,  in  directions  upward  from  the 
earth's  surface  —  and  not  in  the  horizontal 
plane,  or  the  usual  geographical  directions. 

Fig.  2104  shows  how  the  multiplying  factor 
varies  with  the  vertical  angle  for  several 
representative  heights  for  horizontal  antennas. 
The  maximum  value  (2)  comes  at  a  vertical 
angle  of  90  degrees  (directly  upward)  for  an 
antenna  height  of  l/i  wavelength.  As  the  height 
is  increased  the  angle  at  which  complete  rein¬ 
forcement  takes  place  is  lowered  until  it  occurs 
at  a  vertical  angle  of  15  degrees  for  a  height 
equal  to  one  wavelength.  Note  that  the  factor 
is  zero  for  an  angle  of  30  degrees  when  the 
antenna  is  one  wavelength  high,  is  zero  at 
slightly  over  40  degrees  for  a  height  of  s/i  wave¬ 
length,  and  is  zero  at  90  degrees  for  a  height  of 
Yi  wavelength.  This  means  that  there  can  be 
no  radiation  at  these  vertical  angles  for  the 
heights  given,  from  a  horizontal  antenna 
above  perfectly-conducting  ground. 

We  have  already  seen  that  the  vertical  an¬ 
gle,  or  “angle  of  radiation”  is  of  primary  im- 
portance,  especially  at  the  higher  frequencies. 
It  is  therefore  advantageous  to  erect  the  an¬ 
tenna  at  a  height  which  will  take  advantage  of 
ground  reflection  in  such  a  way  as  to  reinforce 
the  space  radiation  at  the  most  desirable  angle. 
Generally  speaking,  this  simply  means  that 


Fig.  2104  —  Effect  of  ground  on  radiation  at  vertical 
angles  for  four  antenna  heights.  This  chart  applies  only 
to  horizontal  antennas,  and  is  based  on  perfectly  con- 
ducting  ground. 


the  antenna  should  be  high;  at  least  wave¬ 
length  at  14  Mc.  and  preferably  %  or  1  wave¬ 
length;  at  least  1  wavelength  and  preferably 
higher  at  28  Mc.  Fortunately  the  actual  height 
decreases  as  the  frequency  is  increased  so 
that  good  heights  are  not  impracticable;  a 
half  wavelength  at  14  Mc.  is  only  35  feet, 
approximately,  and  the  same  height  repre- 
sents  a  full  wavelength  at  28  Mc.  At  7  Mc.  and 
Iower,  the  higher  radiation  angles  are  effective 
so  that  again  a  reasonable  antenna  height  is 
not  difficult  of  attainment.  Heights  between 
35  and  70  feet  are  suitable  for  all  bands,  the 
higher  figures  being  preferable  if  circumstances 
permit  their  use. 

When  the  half-wave  antenna  is  vertical  the 
maximum  and  minimum  points  in  the  curves 
of  Fig.  2104  exchange  positions,  so  that  the 
nulls  become  maxima,  and  vice  versa.  In  this 
case,  the  height  is  taken  as  the  distance  from 
ground  to  the  center  of  the  antenna. 

Fig.  2104  is  based  on  a  ground  having  perfect 
conductivity,  a  thing  which  is  not  met  with  in 
practice.  The  principal  effect  of  actual  ground 
is  to  make  the  curves  inaccurate  at  the  lowest 
angles;  appreciable  high-frequency  radiation  at 
angles  smaller  than  about  5  degrees  is  practi- 
cally  impossible  to  obtain.  Above  15  degrees, 
however,  the  curves  are  accurate  enough  for  all 
practical  purposes,  and  may  be  taken  as  indic- 
ative  of  the  sort  of  result  to  be  expected  at 
angles  between  5  and  15  degrees. 

The  effective  ground  plane  —  that  is,  the 
plane  from  which  ground  reflections  can  be 
considered  to  take  place  — •  seldom  is  the  actual 
surface  of  the  ground  but  is  a  few  feet  below  it, 
depending  upon  the  character  of  the  soil. 

Vertical  or  Horizontal? 

Although  polarization  is  generally  unimpor- 
tant  in  high-frequency  communication,  the 
question  of  whether  the  antenna  should  be  in- 
stalled  in  a  horizontal  or  vertical  position  de- 
serves  consideration  on  other  counts.  A  verti¬ 
cal  half-wave  antenna  will  radiate  equally 
well  in  all  horizontal  directions,  so  that  it  is 
substantially  non-directional  in  the  usual 
sense  of  the  word.  If  installed  horizontally, 
however,  the  antenna  will  tend  to  show  direc- 
tional  effects,  and  will  radiate  best  in  the 
direction  at  right-angles,  or  broadside,  to  the 
wire.  The  radiation  in  such  a  case  will  be  least 
in  the  direction  toward  which  the  wire  points. 
This  can  be  seen  readily  by  imagining  that  Fig. 
2103  is  lying  on  the  ground  and  that  the  pat¬ 
tern  is  looked  at  from  above. 

The  vertical  angle  of  radiation  also  will  be 
affected  by  the  position  of  the  antenna.  If  it 
were  not  for  ground  losses  at  high  frequencies, 
the  vertical  half-wave  antenna  would  be  pre- 
ferred  because  it  would  concentrate  the 
radiation  horizontally.  Practically,  this  the- 
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oretical  advantage  over  the  horizontal  antenna 
is  of  little  or  no  consequence;  in  fact,  at  certain 
heights  the  vertical  antenna  may  actually  not 
be  as  good  a  low-angle  radiator  as  the  horizon¬ 
tal  since,  as  previously  explained,  the  positions 
of  the  maxima  and  minima  of  Fig.  2104  are 
interchanged  when  the  antenna  is  vertical. 

For  the  same  pole  height,  a  horizontal  an¬ 
tenna  usually  will  be  more  “in  the  clear”  than 
a  vertical,  so  that  energy  losses  in  near-by  ob- 
jects  usually  will  be  less.  The  horizontal  posi- 
tion  is  desirable  if  the  antenna  is  used  for 
receiving,  as  previously  explained.  Also,  the 
horizontally-polarized  transmissions  are  less 
likely  to  cause  interference  with  near-by  broad- 
cast  receivers. 

Effective  Radiation  Patterns 

In  determining  the  eSective  radiation  pat- 
tern  of  an  antenna  it  is  necessary  to  consider 
radiation  in  both  the  horizontal  and  vertical 
planes.  .When  the  half-wave  antenna  is  vertical, 
the  vertical  angle  of  radiation  chosen  does  not 
affect  the  ahape  of  the  horizontal  pattern,  but 
only  its  relative  amplitude.  When  the  antenna 
is  horizontal,  however,  both  the  shape  and 
amplitude  are  dependent  upon  the  angle  of 
radiation  chosen. 

Fig.  2105  should  make  this  clear.  The  “free- 
space’'  pattern  of  the  horizontal  antenna 
shown  is  a  section  cut  vertically  through  the 
solid  pattern.  In  the  direction  OA,  horizontally 
along  the  wire  axis,  the  radiation  is  zero.  At 
some  vertical  angle  represented  by  the  line 
OB,  however,  the  radiation  is  appreciable, 
despite  the  fact  that  this  line  runs  in  the  same 
geographical  direction  as  OA.  At  some  higher 
angle  OC  the  radiation,  slill  in  the  same  geo¬ 
graphical  direction ,  is  still  more  intense.  The 
effective  radiation  pattern  therefore  depends 
upon  the  angle  of  radiation  most  useful.  The 
factors  influencing  the  selection  of  these  angles 
wereconsidered  earlier  in  this  chapter.  It  must 
be  remembered,  however,  that  they  represent 
only  average  or  near-average  conditions,  and 
that  the  effective  pattern  is  dependent  upon 
the  conditions  existing  in  the  ionosphere.  These 
conditions  may  vary  not  only  from  day  to  day 
and  hour  to  hour,  but  even  from  minute  to 
minute.  Obviously,  then,  the  effective  directiv- 
ity  of  the  antenna  will  change  along  with  trans- 
mission  conditions. 


Fig.  2105  —  Illustrating  the 
importance  of  vertical •  angle  óf 
radiation  in  determuiing  anten¬ 
na  directional  effects.  Ground 
reflection  is  neglected  in  tKis 
drawing.  Ag  previously  ex¬ 
plained,  reflection  from  the 
ground  will  reinforce  or  cancël 
radiation  at  certain  vertical 
anglea,  depending  upon  tKe 
height. 


Theoretical  horizontal-directivity  patterns 
for  half-wave  horizontal  antennas  at  vertical 
angles  of  9,  15  and  30  degrees  are  given  in  Fig. 
2106.  At  intermediate  angles  the  values  in  the 
affected  regions  also  will  be  intermediate.  Rela¬ 
tive  field  strengths  are  plotted  on  a  decibel 
scale  (see  Chapter  20)  so  that  they  represent  as 
nearly  as  possible  the  actual  aural  effect  at  the 
receiving  station.  If  the  signal  in  the  direction 
of  maximum  intensity  is  S9,  the  smallest  value 
on  the  scale  should  be  about  SI. 

The  considerations  discussed  here  in  connec- 


Fig.  2106  —  Horizontal  pattern  of  a  horizontal 
half-wave  antenna  at  three  vertical  radiation  angles. 
Solid  line  is  relative  radiation  at  15  degreeg.  Dotted 
lincs  show  deviation  from  the  15-degree  pattem,  for 
angles  of  9  and  30  degreeg.  The  patterns  are  useful  for 
shape  only,  since  the  amplitude  will  depend  upon  the 
height  of  the  antenna  above  ground  and  the  vertical 
angle  considered,  The  pattems  for  all  three  angles 
have  been  proportioned  to  the  same  scale,  but  this  does 
not  mean  that  the  maximum  amplitudes  necessarily 
are  the  same.  The  arrow  indicates  the  direction  of  the 
antenna  wire. 

tion  with  half-wave  antennas  also  apply  to  the 
more  complicated  types  described  later. 

•  GROUNDED  ANTENNAS 

The  grounded  antenna  is  used  almost  ex- 
cluaively  for  1.75-Mc.  work,  where  the  length 
required  for  a  half-wave  antenna  would  be  ex- 
cessive  for  most  locations.  An  antenna  worked 
“against  ground”  need  be  only  a  quarter-wave 
long,  approximately,  because  the  earth  acts 
as  an  electrical  “mirror”  which  supplies  the 
missing  quarter  wave.  The  current  at  the 
ground  connection  with  a  quarter-wave  an¬ 
tenna  is  maximum,  just  as  it  is  at  the  center  of 
a  half-wave  antenna. 

On  1.75  Mc.  the  most  useful  radiation  is 
from  the  vertical  part  of  the  antenna,  since 
vertically-polarized  waves  are  characteristic  of 
gTound-wave  transmission.  It  is  therefore  de- 
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sirable  to  make  the  down-lead  as  nearly  vertical 

as  possible,  and  also  as  high  as  possible.  This 

gives  Iow-angle  sky-wave  transmission  which 
is  most  useful  for  long-distance  work  at  night, 
in  addition  to  a  good  ground  wave  tor  local 
work.  The  horizontal  portion  contributes  to 
high-angle  sky-wave  transmission,  which  is 
useful  for  covering  short  distances  on  this  band 
at  night. 

Fig.  2107  shows  a  grounded  antenna  with  the 
top  folded  to  make  the  length  equal  to  a  quarter 
wave.  The  antenna  coupling  apparatus  con- 
sists  of  the  coil  L,  tuned  by  the  series  con- 
denser  C,  with  L  inductively  coupled  to  the 
transmitter  tank  circuit. 

Fig.  2107 — Typical  grounded 
antenna,  consisting  of  a  verti¬ 
cal  sec  t  ion  and  horizontal 
section  having  a  total  length 
(including  the  ground  lead 
if  the  Iatter  is  more  than  a  few 
feet  long)  of  one-quarter 
wavelength.  Coil  L  should 
have  about  20  turns  of  No.  12 
on  a  three-inch  diameter 
form,  tapped  every  two  or 
three  turns  for  adjustment. 
C  is  250  to  500  gp/d.  variable. 
The  inductive  coupling  he- 
twecn  L  and  the  final  tank 
coil  should  he  variahle. 


For  computation  purposes,  the  overall  length 
of  a  grounded  system  is  given  by 


L 

This  length,  it 
length  front  the 


(feet)  = 


236 

ƒ  (Mc.) 


should  be  noted,  is  the  total 
far  end  of  the  antenna  to  the 


ground  connection.  The  length  is  not  critical, 
since  departures  of  the  order  of  10%  to  20% 
can  be  compensated  by  the  tuning  apparatus. 

The  ground  should  preferably  be  one  with 
conductors  buried  deep  enough  to  reach  nat- 
ural  moisture.  In  urban  locations,  good  grounds 
can  be  made  to  water  mains  where  they  enter 
the  house;  the  pipe  should  be  scraped  clean 
and  a  low-resistance  connection  made  with  a 
tightly-fastened  ground  clamp.  If  no  water- 
pipes  are  available  several  pipes,  six  to  eight 
feet  long,  may  be  driven  into  the  ground  at 
intervals  of  six  or  eight  feet,  all  being  con- 
nected  together.  The  transmitter  should  be 
located  so  as  to  make  the  ground  lead  as  short 
as  possible. 

In  locations  where  it  is  impossible  to  secure  a 
good  ground  connection  because  of  sandy  soil 
or  other  considerations,  it  is  preferable  to  sub- 
stitute  a  counterpoise  for  the  ground  connec¬ 
tion.  The  counterpoise  consists  of  a  system  of 
wires  insulated  from  ground  running  horizon- 
tally  above  the  earth  beneath  the  antenna.  The 
counterpoise  should  have  a  sufficiënt  number  of 
wires  of  sufficiënt  length  to  cover  well  the  area 
immediately  under  the  antenna.  The  wires  may 
be  formed  into  any  convenient  shape,  i.e.,  they 
may  be  spread  out  fan-shape,  in  a  radial  pat- 
tern,  or  three  or  more  parallel  wires  separated  a 
few  feet  running  beneath  the  antenna  may  be 
used.  The  counterpoise  should  be  elevated  six 
or  seven  feet  above  the  ground  so  it  will  not  in- 
terfere  with  persons  walking  under  it.  Connec¬ 
tion  is  made  between  the  usual  ground  termi¬ 
nal  of  the  transmitter  and  each  of  the  wires  in 
the  counterpoise. 
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Types  of  Lines  —  Matching  to  the  Antenna  —  Coupling  to 

the  Transmitter 


Ïower  may  be  applied  to  the  antenna 
either  directly  or  through  a  transmission  line. 
Three  methods  of  direct  excitation  are  shown 
in  Fig.  2201.  In  A  the  antenna  is  cut  at  the 
center  and  a  small  coil  inserted.  The  coil  is 
coupled  to  the  output  tank  circuit  of  the  trans¬ 
mitter,  with  adjustable  coupling  so  that  the 
transmitter  loading  can  be  controlled.  Since 
the  addition  of  the  coil  “loads”  the  antenna, 
or  increases  its  effective  length  because  of  the 
additional  inductance,  the  series  condensers 
Ci  and  C2  are  put  in  the  circuit  to  provide 
electrical  means  for  reducing  the  length  to  its 
original  unloaded  value.  This  method  of  feed¬ 
ing  is  known  as  current  feed,  because  power 
is  inserted  at  a  high-current  point. 

The  methods  of  B  and  C  are  called  voltage- 
feed  systems  because  the  power  is  ïntroduced 
into  the  antenna  at  a  point  of  high  voltage.  In 
B  the  end  of  the  antenna  is  coupled  to  the  out¬ 
put  tank  circuit  through  a  small  condenser;  in 
C  a  separate  tank,  connected  directly  to  the 
antenna,  is  used.  This  tank  is  tuned  to  the 
transmitter  frequency  and  may  be  grounded  at 
one  end  or  at  the  center  of  the  coil,  as  shown. 
Practical  considerations  and  methods  of  ad- 

- - % - - 

- - 

XMTR 
TANK 
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Fig.  2201  —  Methods  of  direct  feed  to  the  balf-wave 
antenna.  A,  current  feed,  series  timing;  B,  voltage  feed, 
capacity  coupling;  C,  voltage  feed  with  inductively 
coupled  antenna  tank.  In  A,  the  coupling  apparatus  is 
not  included  in  the  antenna  length. 


justment  of  all  three  systems  will  be  discussed 
in  a  later  section. 

Direct  excitation  is  seldom  used  except  on 
the  lowest  amateur  frequencies.  It  involves 
bringing  the  antenna  proper  into  the  operating 
room  and  hence  into  close  relationship  with 
the  house  and  electric  wiring,  which  usually 
means  that  some  of  the  power  is  wasted  in 
heating  poor  conductors  in  the  field  of  the  an¬ 
tenna.  Also,  it  usually  means  that  the  shape  of 
the  antenna  must  be  distorted  so  that  the  ex- 
pected  directional  effects  are  not  realized,  and 
likewise  means  that  the  height  is  limited.  For 
these  reasons,  in  high-frequency  work  prac- 
tically  all  amateurs  use  transmission  lines  or 
feeder  systems  which  permit  putting  the  an¬ 
tenna  in  a  desirable  location.  The  feeders  do 
not  radiate  or  dissipate  themselves  any  sub- 
stantial  proportion  of  the  power  supplied  by 
the  transmitter,  provided  good  design  practice 
is  followed. 

•  TRANSMISSION  LINES 

A  transmission  line  is  used  to  transfer  power, 
with  a  minimum  of  loss,  from  its  source  to  the 
device  in  which  the  power  is  to  be  usefully 
expended.  At  radio  frequencies,  where  every 
wire  carrying  r.f.  current  tends  to  radiate 
energy  in  the  form  of  electro-magnetic  waves, 
special  design  is  necessary  to  minimize  radia- 
tion  and  thus  cause  as  much  as  possible  of  the 
power  to  be  delivered  to  the  receiving  end  of 
the  line. 

Radiation  can  be  minimized  by  using  a  line 
in  which  the  current  is  low,  and  by  using  two 
conductors  carrying  currents  of  equal  magni¬ 
tudes  but  opposite  phase  so  that  the  fields 
about  the  conductors  cancel  each  other.  For 
good  cancellation  of  radiation  the  two  conduc¬ 
tors  should  be  parallel  and  quite  close  to  each 
other. 

The  most  common  form  of  transmission  line 
consists  of  two  parallel  wires,  maintained  at  a 
fixed  spacing  of  two  to  six  inches  by  insulating 
spacers  or  spreaders  at  suitable  intervals  (open- 
vrire  line).  A  seeond  type  consists  of  rubber- 
insulated  wires  twisted  together  to  form  a 
flexible  line  without  spacers  (twisted-pair  line). 
A  third  uses  a  wire  inside  and  coaxial  with  a 
tubing  outer  conductor,  separated  from  the 
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outer  conductor  by  insulating  spacers  or 
^beads”  at  regular  intervals  (coaxial  or  cod- 
centric  Iine).  A  variation  of  this  type  usessolid 
rubber  insulation  between  the  inner  and  outer 
conductors,  the  latter  usually  being  made  of 
braid  rather  than  solid  tubing  so  that  the  line 
will  be  flexible.  Still  another  type  of  line  uses  a 
single  wire  alone,  without  a  second  conductor 
(single-wire  feeder);  in  this  case  radiation  is 
minimized  by  keeping  the  line  current  low. 

Line  Operation 

The  length  of  transmission  lines  used  at 
radio  frequencies  is  of  the  same  order  as  the 
length  of  the  antenna,  and  therefore  the  cur¬ 
rent  and  voltage  along  the  line  may  not  be  as 
uniform  at  all  points  as  it  would  be  on,  say, 
a  60-cycle  power  line.  In  other  words,  standing 
waves  of  current  and  voltage  may  appear  on 
the  line.  Standing  waves  occur  when  some  of 
the  energy  fed  into  the  line  by  the  transmitter 
is  reflected  back  from  the  opposite  or  termina- 
tion  end  of  the  line,  which  is  the  point  where 
the  line  attachés  to  the  antenna  in  the  trans- 
mitting  case. 

The  standing- wave  ratio  —  that  is,  the  ratio 
of  current  or  voltage  at  a  loop  to  the  value  at  a 
node  —  depends  upon  the  resistance  at  the 
receiving  end  of  the  line,  or  termination,  and 
the  characteristic  or  surge  impedance  of  the 
line  itself.  The  characteristic  impedance  of  the 
line  is  equal  to  the  square  root  of  the  ratio  of 
inductance  to  capacity  of  the  line  per  unit 
length.  The  standing-wave  ratio  is  the  ratio 
between  the  line  impedance  and  the  terminat- 
ing  resistance;  that  is, 

Z.  Z, 

Standing-wave  ratio  =  —  or  — 

Z,  Z, 

where  Z,  is  the  characteristic  impedance  of  the 
line  and  Zt  is  the  terminating  resistance,  Z{  is 
generally  called  an  impedance,  although  it 
must  be  non-reactive  and  therefore  corre- 
spond  to  a  pure  resistance  for  the  line  to  oper- 
ate  as  described.  This  means  that  the  load  or 
termination,  when  an  antenna,  must  be  reso- 
nant  at  the  operating  frequency. 

The  formula  is  given  in  two  ways  because  it 
is  customary  to  put  the  larger  number  in  the 
numerator  so  that  the  ratio  will  not  be  frac- 
tional.  As  an  example,  a  600-ohm  line  termi- 
nated  in  a  resistance  of  70  ohms  will  have  a 
standing  wave  ratio  of  600/70,  or  8.57.  The 
ratio  on  a  70-ohm  line  terminated  in  a  resist¬ 
ance  of  600  ohms  would  be  the  same.  This 
means  that  if  the  current  as  measured  at  a 
node,  or  minimum  point,  along  the  line  is  0.1 
amp.|  the  current  at  a  maximum  or  loop  will  be 
0.857  amp. 

When  the  line  is  terminated  in  a  resistance 
equal  to  its  characteristic  impedance,  there  is 
no  reflection  and  consequently  no  standing 


waves  appear,  as  explained  in  Chapter  3. 
The  standing  wave  ratio  therefore  is  1.  Such  a 
line  is  said  to  be  non-resonant  orflat,  and  may 
be  made  any  convenient  length.  For  any  given 
length  of  line,  the  losses,  both  by  heat  and  by 
radiation,  will  be  minimum  when  the  line  is 
non-resonant.  The  input  end  of  such  a  line 
appears  to  the  transmitter  as  a  pure  resistance 
of  a  value  equal  to  the  characteristic  imped¬ 
ance  of  the  line. 

When  the  standing  wave  ratio  on  the  line  is 
appreciable  the  line  is  said  to  be  resonant. 
Unless  the  line  is  exactly  the  right  length  to 
contain  a  whole  standing  wave  (on  the  total 
length  of  both  conductors)  or  some  integral 
multiple  of  such  a  length,  the  input  end  of  the 
line  will  be  reactive  as  well  as  resistive.  To 
make  the  line  take  maximum  power  with  a 
given  degree  of  coupling,  the  reactive  com¬ 
ponent  must  be  cancelled  out  by  tuning.  Such 
lines  are  therefore  known  as  tuned  lines.  The 
losses  in  a  line  having  standing  waves  will  in- 
crease  with  the  standing-wave  ratio.  With  air- 
insulated  lines,  the  loss  does  not  represent  a 
considerable  fraction  of  the  input  power  unless 
the  line  is  exceptionally  long;  with  lengths  up 
to  a  few  wave-lengths  the  increase  in  loss  with 
standing-wave  ratios  as  high  as  10  to  1  is  not 
appreciable  when  the  line  is  air-insulated.  With 
lines  using  solid  dielectrics  the  loss  increases 
at  a  much  higher  rate,  and  such  lines  should 
always  be  operated  non-resonant. 

Characteristic  Impedance 

The  characteristic  impedance  of  air-insu¬ 
lated  transmission  lines  may  be  calculated  from 
the  folio wing  formulas: 


Fig.  2202  —  Graphical  table  of  characteristic  ira- 
pedances  of  typical  spaced-conductor  transmission 
lines.  Use  outside  diameter  of  tubing. 


CHAPTER  TWENTY-TWO 


R.  F.  Transmission  Lines 


Parallel-conductor  line 

b 

Z  =  276  log  -  (1) 

o 

where  Z  is  the  surge  impedance,  b  the  spacing, 
center  to  center,  and  a  the  radius  of  the  con¬ 
ductor.  The  quantities  b  and  a  must  be  meas- 
ured  in  the  same  units  (inches,  etc.).  Surge 
impedance  as  a  function  of  spacing  for  lines 
using  conductors  of  different  size  is  plotted  in 
chart  form  in  Fig.  2202. 

Coaxial  or  concentric  line 

b 

Z  =  138  log  -  (2) 

where  Z  again  is  the  surge  impedance.  In  this 
case,  however,  b  is  the  inside  diameter  (not 
radius)  of  the  outer  conductor  and  a  is  the 
outside  diameter  of  the  inner  conductor.  The 
formula  is  true  for  air  dielectric,  and  approxi- 
mately  so  for  a  line  having  ceramic  insulators 
so  spaced  that  the  major  proportion  of  the 
insulation  is  air. 

When  a  solid  insulating  material  is  used  be- 
tween  the  conductors  the  impedance  decreases, 
because  of  the  increase  in  line  capacity,  by  the 
factor  1  /Vk,  where  k  is  the  dielectric  constant 
of  the  insulating  material. 

The  impedance  of  a  single-wire  transmission 
line  varies  with  the  size  of  the  conductor,  its 
height  above  ground,  and  orientation  with 
respect  to  ground.  An  average  figure  is  about 
500  ohms. 

Electrical  length 

The  electrical  length  of  a  line  is  not  exactly 
the  same  as  its  physical  length  for  reasons  cor- 
responding  to  the  end  effects  in  antennas. 
Spacers  used  to  separate  the  conductors  have 
dielectric  constants  larger  than  that  of  air, 
so  that  the  waves  do  not  travel  quite  as  fast 
along  a  line  as  they  would  in  air.  The  lengths  of 
electrical  quarter  waves  of  various  types  of 
lines  can  be  calculated  from  the  formula 

Length(fcet)=|r~^  (3) 

where  V  depends  upon  the  type  of  line.  For 
lines  of  ordinary  construction,  F  is  as  follows: 

Parallel  wire  line  V  =  0.975 

Parallel  tubing  line  V  =  0.95 

Concentric  line  (air-insulated)  V  —  0.85 
Concentric  line  (rubber-insu-  ] 

lated)  [  V  =  0.56-0.65 

Twisted  pair  J 

Line  Spacing 

For  effective  cancellation  of  radiation,  the 
spacing  between  the  two  wires  must  be  small 


in  comparison  to  the  wavelength;  a  separation 
of  0.01  wavelength  or  less  is  desirable.  For  14 
Mc.  and  lower,  the  wires  need  not  be  closer 
than  six  inches,  the  length  of  the  popular 
“feeder  spreaders”  manufactured  for  this  pur- 
pose.  Even  at  28  Mc.  a  separation  of  6  inches 
is  fairly  satisfactory,  but  for  the  ultra-high 
frequencies  the  wires  should  be  closer  together. 

From  the  practical  standpoint,  too-close 
spacing  is  undesirable,  especially  with  long 
sections  of  line.  The  wires  inevitably  swing 
with  respect  to  each  other  when  there  is  wind; 
if  the  spacing  is  close,  this  means  that  in¬ 
sulating  spreaders  must  be  installed  at  fre¬ 
quent  intervals  to  prevent  the  wires  from 
touching,  and  this  in  turn  increases  the  weight 
of  the  line.  Swinging  also  causes  a  varying  de- 
tuning  effect,  since  the  change  in  spacing  rep- 
resents  a  change  in  line  constants  which  reacts 
on  the  transmitter,  causing  periodic  variations 
in  loading. 

For  work  on  communication  frequencies,  the 
6-inch  spacing  for  open  lines  represents  a  com- 
promise  which  works  out  well  in  practice. 

Line  Losses 

Air-insulated  non-resonant  lines  operate  at 
quite  high  efficiency.  Parallel-conductor  lines 
average  0.12  to  0.15  db  loss  per  wavelength  of 
line.  These  figures  hold  only  if  the  standing 
wave  ratio  is  1.  The  losses  increase  with  the 
standing-wave  ratio,  rather  slowly  up  to  a 
ratio  of  15  to  1,  but  rapidly  thereafter.  For 
standing-wave  ratios  of  10  or  15  to  1  the  in¬ 
crease  is  inconsequential. 

Concentric  lines  with  air  insulation  are 
excellent  when  dry,  but  losses  increase  if  there 
is  moisture  in  the  line.  Provision  therefore 
should  be  made  for  making  such  lines  air- 
tight,  and  they  should  be  thoroughly  dry  when 
assembled.  This  type  of  line  has  the  least 
radiation  loss.  The  small  lines  (^-inch  outer 
conductor)  should  not  be  used  at  high  volt¬ 
ages,  hence  it  is  desirable  to  keep  the  standing- 
wave  ratio  down. 

Good  quality  rubber  insulated  lines,  both 
twisted  pair  and  coaxial,  average  about  1  db 
loss  per  wavelength  of  line.  At  the  higher 
frequencies,  therefore,  such  lines  should  be 
used  only  in  short  lengths  if  losses  are  impor¬ 
tant.  These  lines  have  the  advantages  of  com- 
pactness,  ease  of  installation,  and  flexibility. 
Ordinary  lampcord  has  a  Iosb  of  approximately 
1.4  db  per  wavelength,  when  dry,  but  its 
losses  become  excessive  when  wet.  The  parallel 
moulded-rubber  type  is  best  from  the  stand¬ 
point  of  withstanding  wet  weather.  The  char- 
acteristic  impedance  of  lampcord  is  between 
120  and  140  ohms. 

The  loss  in  db  is  directly  proportional  to  the 
length  of  the  line.  Thus  a  line  which  has  a  loss 
of  1  db  per  wavelength  will  have  an  actual  loss 


CHAPTER  TWENTY-TWO  327 


The  Radio  Amateur’s  Handbook 


of  3  db  if  the  line  is  three  wavelengths  long.  In 
the  case  of  line  losses,  the  length  is  not  ex- 
pressed  in  terms  of  electrical  length  but  in 
physical  length;  that  is,  a  wavelength  of  line, 
in  feet,  is  equal  to  984/Freq.(Mc.)  for  com- 
puting  loss.  This  permits  a  direct  comparison 
of  lines  having  the  same  physical  length.  The 
electrical  lengths,  of  course,  may  difier 
considerably. 

•  NON-RESONANT  LINES 

The  several  advantages  of  operating  trans- 
mission  lines  non-resonant  —  minimum  losses, 
and  elimination  of  the  necessity  for  tuning  — 


Fig,  2203  —  Single-wire  feed  system.  The  length  L 
(one-half  wavelength)  and  D  are  determined  from  the 
chart,  Tig.  2204. 


make  this  type  of  line  attractive.  The  chief  dis- 
advantage  of  the  non-resonant  line,  aside  from 
the  necessity  for  more  care  in  initial  adjust- 
ment,  is  that  when  “  matched  ”  to  the  ordinary 
antenna  it  is  matched  only  for  one  frequency, 
or  at  most  for  a  small  band  of  frequencies  on 
either  side  of  the  frequency  for  which  the 
matching  is  done.  Except  for  a  few  special  Sys¬ 
tems,  this  means  that  the  antenna  is  unsuitable 
for  work  on  more  than  one  amateur  band. 

Adjustment  of  a  non-resonant  line  is  simply 
that  of  adjusting  the  terminating  resistance  to 
match  the  characteristic  impedance  of  the  line. 
To  accomplish  this,  the  antenna  itself  must  be 
resonant  at  the  selected  frequency,  and  the  line 
must  then  be  connected  to  it  in  such  a  way  that 
the  antenna  impedance  as  looked  at  by  the  line 
is  the  right  value.  The  matching  may  be  done 
by  connecting  the  line  at  the  proper  spot  along 
the  antenna,  or  by  inserting  an  impedance 
transforming  device  between  the  antenna  and 
line. 

In  the  following  examples  of  ways  in  which 
different  types  of  lines  may  be  matched  to  the 
antenna,  a  half-wave  antenna  is  used  as  an  ex- 
ample.  Other  types  of  antennas  may  be 
treated  by  the  same  methods,  making  due 
allowance  for  the  order  of  impedance  that  ap- 
pears  at  the  end  of  the  line  with  more  elaborate 
Systems. 

Fig.  2204  —  Charts  for  determining  the  length  of 
half-wave  antennas  for  use  on  varioue  amateur  bandB. 
Solid  lines  indicate  antenna  length  (lower  scale);  dotted 
lines  point  of  connection  for  single-wire  feeder  (upper 
scale)  measnred  from  center  of  antenna. 
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when  series  plate  feed  is  used.  It  should  have  a 
Single-  Wire  -  Feed  voltage  rating  somewhat  above  that  of  the 

In  the  single-wire-feed  system  the  return  plate  supply.  Almost  any  capacity  greater 

circuit  is  considered  to  be  through  the  ground.  than  500  M/jfd.  will  be  satisfactory.  The  con- 

There  will  be  no  standing  waves  on  the  feeder  denser  is  unnecessary,  of  course,  if  parallel 

Fig.  2205  —  Methods  of 
coupling  the  single- wire  feeder 
to  the  transmitter.  Circuits 
are  shown  for  both  single- 
ended  and  balanced  tank 
circuits.  They  are  discussed 
in  the  text. 


when  its  characteristic  impedance  is  matched 
by  the  impedance  of  the  antenna  at  the  con- 
nection  point.  The  Principal  dimensions  are 
the  length  of  the  antenna  L,  Fig.  2203,  and  the 
distance  D  from  the  exact  center  of  the  an¬ 
tenna  to  the  point  at  which  the  feeder  is  at- 
tached.  Approximate  dimensions  can  be  ob- 
tained  from  Fig.  2204  for  an  antenna  system 
ha  ving  a  fundamental  frequency  in  any  of  the 
amateur  bands. 

In  constructing  an  antenna  system  of  this 
type  the  feeder  must  run  straight  away  from 
the  antenna  (at  a  right  angle)  for  a  distance  of 
at  least  one-third  the  length  of  the  antenna. 
Otherwise  the  field  of  the  antenna  will  affect 
the  feeder  and  cause  faulty  operation.  There 
should  be  no  sharp  bends  in  the  feeder  wire 
at  any  point. 

Correct  antenna  length  and  placing  of  the 
feeder  should  be  checked  experimentally  if  best 
results  are  to  be  obtained.  If,  for  instance, 
impedances  are  not  correctly  matched,  stand¬ 
ing  waves  will  appear  upon  the  line.  With 
simple  capacitive  coupling  to  the  feeder  —  as 
in  Fig.  2205-A,  high  r.f.  potentials  may,  as  a 
result,  develop  at  undesirable  points  in  the 
transmitter.  A  good  ground  connection  should 
be  made  to  the  filament  center-tap  or  center 
point  of  the  filament  by-pass  condensers  when 
this  system  is  used.  The  presence  of  standing 
waves  may  be  detected  most  accurately  by 
placing  a  low-reading  thermo-ammeter  at 
several  points  approximately  J 4  wave  apart 
along  the  transmission  line.  The  reading 
should  be  substantially  constant  all  along  the 
line  with  no  indication  of  pronounced  increases 
or  decreases. 

With  the  coupling  system  shown  in  Fig. 
2205-A,  adjustment  is  as  folio ws:  Starting  at 
the  ground  end  of  the  tank  coil,  the  tap  is 
moved  towards  the  plate  end  until  the  am- 
plifier  draws  the  rated  amount  of  plate  current. 
The  plate  tank  condenser  should  be  readjusted 
each  time  the  tap  is  changed,  to  bring  the 
plate  current  to  minimum.  The  amplifier  is 
loaded  properly  when  this  “minimum”  is 
the  rated  current.  The  condenser  in  the  feeder 

is  for  the  purpose  of  insulating  the  antenna 

system  from  the  high- voltage  plate  supply 


plate  feed  is  used.  Several  methods  of  inductive 
coupling  to  the  output  circuit  are  shown  in 
Fig.  2205.  In  coupling  to  balanced  output 
circuits,  the  method  shown  at  the  right  is 
preferred.  The  antenna  tank  circuit  should 
tune  to  resonance  at  the  operating  frequency 
and  the  loading  is  adjusted  by  varying  the 
coupling  between  the  two  tanks,  both  being 
kept  tuned  to  resonance.  Or  the  feeder  may  be 
tapped  on  the  antenna  tank,  when  the  tap  is 
adjusted  as  explained  previously.  Regardless 
of  the  type  of  coupling,  a  good  ground  con¬ 
nection  is  essential  with  this  system.  Single- 
wire-feed  Systems  work  best  over  moist 
ground,  and  poorly  over  rock  and  sand. 

Twiated-Pair  Feed 

It  is  evident  from  the  formula  for  charac¬ 
teristic  impedance  previously  given  that  the 
closer  the  spacing  and  the  larger  the  wires,  the 
lower  will  be  the  impedance.  A  two-wire  line 
composed  of  twisted  rubber-covered  wire  can 
be  constructed  to  have  an  impedance  ap¬ 
proximately  equal  to  that  at  the  center  of  the 
antenna  itself,  thus  permitting  the  method  of 
connecting  the  line  to  the  antenna  shown  in 
Fig.  2206.  Such  discrepancy  as  may  exist  be¬ 
tween  line  and  antenna  impedance  can  be 
compensated  for  by  a  slight  fanning  of  the  line 
where  it  connects  to  the  two  halves  of  the 
antenna,  as  shown  at  B  in  Fig.  2206. 

The  twisted  line  is  a  convenient  type  to  use, 


Fig.  2206  — -  A  half-wave  antenna  center-fed  by  a 
twisted  pair  üne.  An  improved  impedance  match  often 
will  result  if  the  antenna  end  of  the  line  is  fanned  out  in 
the  shape  of  a  "V”  for  the  last  18  inches  or  so  of  its 
leneth.  Two  insulators  a!so  should  be  used  at  the  center 
of  the  antenn  t  so  the  open  end  of  the  "V”  will  be  approx¬ 
imately  18  inches  wide.  The  antenna  length  (not  ineluding 
the  center  insulator).  should  equal  onc-half  wavelength 
for  the  operating  frequency.  See  Fig.  2204. 
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siüce  it  is  easy  to  install  and  the  r.f.  voltage 

on  it  is  low  because  of  the  low  impedance.  This 
makes  insulation  an  easy  matter.  The  lossea 
are  slightly  higher  than  those  in  spaced  lines 
with  air  insulation,  however,  and  will  increase 
with  frequency.  Special  twisted  line  for  trans- 
mitting  purposes,  having  lower  lossea  than 
ordinary  rubber-covered  wire,  is  available.  It 
is  known  as  “EO-1"  cable. 

The  antenna  should  be  one-half  wavelength 
long  for  the  frequency  of  operation,  as  deter- 
mined  by  charta  of  Fig.  2204  or  the  formula 
given  in  Chapter  21.  For  accuracy,  its  length 
may  be  checked  as  described  at  the  end  of  this 
chapter,  this  checking  being  done  before  the 
antenna  is  cut  at  the  center  to  insert  the  feeder. 
The  amount  of  “fanning”  (dimension  B) 
will  depend  upon  the  kind  of  cable  used;  the 
right  value  usually  will  be  found  between  6 
and  18  inches.  It  may  be  checked  by  inserting 
ammeters  in  each  antenna  leg  at  the  junction 
of  the  feeder  and  antenna;  the  value  of  B 
which  gives  the  largest  current  is  correct. 
Alternatively,  the  system  may  be  operated 
continuously  for  a  time  with  fairly  high  r.f. 
power  input,  after  which  the  feeder  may  be 
inspected  (by  touch)  for  hot  spots.  These 
indicate  the  presence  of  standing  waves,  and 
the  fanning  should  be  adjusted  until  they 
are  eliminated  or  minimized.  Each  leg  of  the 
feeder  forming  the  triangle  at  the  antenna 
should  be  equal  in  length  to  dimension  B. 

Methods  of  coupling  to  the  transmitter  are 
discussed  later  in  connection  with  Fig.  2209. 

Concentric  Line  F  eed 

A  concentric  transmission  line  readily  can  be 
constructed  to  have  a  surge  impedance  equal  to 
the  70-ohm  impedance  at  the  center  of  a  half- 
wave  antenna.  Such  a  line,  therefore,  can  be 
connected  directly  to  the  center  of  the  an¬ 
tenna,  forming  the  system  shown  in  Fig.  2207. 

Solving  Equation  (2)  for  an  air-insulated 
concentric  line  shows  that,  for  70-ohm  surge 
impedance,  the  inside  diameter  of  the  outer 
conductor  should  be  approximately  3.2  times 
the  outside  diameter  of  the  inner  conductor. 
This  condition  can  be  fulfilled  by  using  stand- 
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Fig.  2207  —  Half-wave  antenna  with  concentric 
transmission  line.  The  antenna  length  should  be  one- 
half  wavelength  as  detennined  by  the  formula  or  Fig. 
2204. 


ard  %  g-inch  (outside-diameter)  copper  tub- 

ing  for  the  outer  conductor  and  No.  14  wire  for 
the  inner.  Ceramic  insulating  spacers  are 
available  commercially  for  this  combination. 

Also  available  is  a  rubber-insulated  concen¬ 
tric  line,  with  wire  inner  conductor  and  metal 
braid  outer  conductor,  having  the  requisite 
impedance  for  connection  to  the  center  of  the 
antenna.  This  type  is  more  flexible  and  con- 
siderably  lighter. 

The  operation  of  such  an  antenna  system  is 


Fig.  2208  —  Two-wire  matched-impedance  antenna 
system.  The  dimensions  C,  D,  and  E  are  given  in  the 
text.  It  is  important  that  the  matching  section,  E,  come 
straight  away  from  the  antenna  without  any  bends. 

L  is  one-half  wavelength  for  the  operating  frequency. 


similar  to  that  of  the  twisted-pair  system  just 
described,  and  the  same  transmitter-coupling 
arrangements  may  be  used.  A  simple  form  of 
coupling  is  shown  in  Fig.  2209,  consisting  of  a 
loop  of  a  few  turns  of  wire  placed  around  or 
near  the  transmitter  tank  coil.  No  tuning  ap- 
paratus  is  required,  the  loading  being  adjusted 
by  varying  the  coupling  between  the  two  coils. 

The  outer  conductor  of  the  line  may  be 
grounded  if  desired.  The  feeder  system  is 
slightly  unbalanced  because  the  inner  and 
outer  conductors  do  not  have  the  same  capac- 
ity  to  ground.  There  should  be  no  radiation, 
however,  from  a  line  having  the  correct  surge 
impedance. 

Delta  Matching  Transfoimer 

Because  of  the  extremely  close  spacing  re¬ 
quired,  it  is  impracticable  to  construct  an 
open-wire  transmission  line  which  will  have  a 
surge  impedance  low  enough  to  work  directly 
into  the  center  of  a  half-wave  antenna.  Such 
wire  lines  usually  have  impedances  between 
400  and  700  ohms,  600  ohms  being  a  widely- 
used  value.  It  is  therefore  necessary  to  use 
other  means  for  matching  the  line  to  the 
antenna. 

One  method  of  matching  is  illustrated  by  the 
antenna  system  of  Fig.  2208.  The  section  E  is 
“fanned”  to  have  a  gradually  increasing  im¬ 
pedance  so  that  its  impedance  at  the  antenna 
end  will  be  equal  to  the  impedance  of  the  an- 
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tenna  section  C,  while  the  impedance  at  the 
lower  end  matches  that  of  a  practicable 
transmission  line. 

The  antenna  length  L,  the  feeder  clearance 
E,  the  spacing  between  centers  of  the  feeder 
wires  D,  and  the  coupling  length  C  are  the  im¬ 
portant  dimensions  of  this  system.  The  system 
must  be  designed  for  exact  impedance  values 
as  well  as  frequency  values  and  the  dimensions 
are  therefore  fairly  critical. 

The  length  of  the  antenna  is  figured  from 
the  formula  or  charts  previously  given. 

The  length  of  section  C  is  computed  by  the 
formula: 


C  (feet)  = 


123 

Freq.  (Mc.) 


The  feeder  clearance  E  is  worked  out  from 
the  equation: 


E  (feet)  = 


148 

Freq.  (Mc.) 


The  above  equations  are  for  feeders  having  a 
characteristic  impedance  of  600  ohms  and  will 
not  apply  to  feeders  of  any  other  impedance. 
The  proper  feeder  spacing  for  a  600-ohm  trans¬ 
mission  line  is  computed  to  a  sufficiently  close 
approximation  by  the  following  formula: 


D  =  75  X  d 

where  D  is  the  distance  between  the  centers  of 
the  feeder  wires  and  d  is  the  diameter  of  the 
wire.  If  the  wire  diameter  is  in  inches  the  spac¬ 
ing  will  be  in  inches  and  if  the  wire  diameter  is 


Fig.  2209 —  Suitable  methode  for  coupling  output 
circuit.»  to  all  types  of  two-wire  untuned  transmission 
lines  irtcluding  twisted  pair  line»,  concentric  lines  and 
open  wire  lines.  Arrows  indicate  directions  for  cbange  of 
coupling.  Link  lines  always  should  be  coupled  to  a  point 
of  low  r.f.  potential  on  the  transmitter  tank,  to  avoid 
transfer  of  harmonies  to  the  antenna. 
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in  millimeters  the  spacing  will  be  in  milli¬ 
meters. 

Methods  of  coupling  to  the  transmitter  are 
discussed  in  the  following  section. 

Coupling  to  Untuned  Lines 

Similar  coupling  methods  are  used  with  all 
types  of  two-wire  transmission  lines,  whether 
of  high  or  low  impedance.  Several  systems  are 
shown  in  Fig.  2209.  The  inductively  coupled 
methods  are  preferable  to  direct  coupling  when 
a  single-ended  or  unbalanced  tank  circuit  feeds 
a  balanced  transmission  line;  this  avoids  line 
unbalance  which  might  occur  with  direct 
coupling.  In  the  direct-coupled  circuits,  the 
fixed  condensers  are  useful  only  when  the  out¬ 
put  amplifier  plate  supply  is  series-fed.  These 
condensers,  when  used,  should  have  a  rating 
somewhat  above  the  maximum  plate  voltage 
used  and  should  have  a  capacity  of  500  /u/uf ds. 
or  more.  With  the  methods  B,  C,  D  or  E,  the 
taps  should  be  placed  symmetrically  about  the 
center  or  r.f.  ground  point  on  the  coil.  The  taps 
should  be  adjusted  to  make  the  final  amplifier 
draw  normal  plate  current;  if  the  line  is  operat- 
ing  properly  the  taps  will  not  affect  the  setting 
of  the  plate  tank  condenser.  In  the  case  of  the 
methods  shown  at  B  and  D  the  link  coils  may 
consist  of  a  few  turns  each,  and  the  coupling 
between  one  tank  and  link,  preferably  the  an¬ 
tenna  tank,  should  be  variable.  The  antenna 
tank  is  first  adjusted  to  resonance  with  the 
plate  tank  circuit,  using  loose  coupling;  the 
taps  are  then  set  at  trial  positions  and  the  cur- 
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rent  in  the  line  measured.  The  tap  positioUS) 
coupling  between  the  coils  and  tuning  of  both 
tank  circuits  are  then  adjusted  to  give  maxi¬ 
mum  line  current  with  normal  tube  plate 
current. 

The  network  shown  at  E  is  described  later  in 
this  chapter. 

•  LI  NE  AR  MATCHING  SECTIONS 

In  the  antenna-feeder  Systems  just  de¬ 
scribed,  impedance  matching  depends  upon 
connecting  the  line  to  an  appropriate  point  on 
the  antenna.  An  alternative  method  is  to  con- 
nect  an  impedance-matching  transformer  be¬ 
tween  the  line  and  antenna  when  the  line 
impedance  is  not  the  same  as  that  at  the  center 
of  the  antenna.  The  “transformer”  ordinarily 
used  does  not  resemble  the  ordinary  coupled 
r.f.  circuit,  but  is  simply  a  section  of  transmis- 
sion  line.  A  quarter-wave  two-wire  transmis- 
sion  line  is  such  a  “linear  transformer.” 

When  a  quarter-wave  line  has  a  given  value 
of  impedance  connected  to  one  end,  the  imped¬ 
ance  appearing  at  the  other  end  depends  upon 
the  surge  impedance  of  the  line: 


where  Z\  ie  the  unknown  impedance  at  one 
end,  Z2  the  known  impedance  at  the  other  end, 
and  Z,  is  the  line  surge  impedance.  At  inter- 
mediate  points  on  the  line  the  impedance  will 
be  intermediate  between  the  two  end  values. 
It  is  therefore  possible  to  tap  along  the  line  to 
match  a  wide  range  of  impedances,  when  the 


Fig.  2210  —  Impedance-matching  antenna  systems 
wilh  quarter-wave  open  wire  matching  tranaformers. 
Antenna  dimensiong  can  be  found  from  Fig.  2204.  The 
dimengion  B,  one-quarter  wavelength,  can  be  found  from 
Equation  (3).  The  dimeneion  C  muel  be  found  by  experi¬ 
ment,  as  described  in  the  text. 


Fig.  2211 — Line-current  measuring  device  for  ad- 
justmenl  of  untuned  transmission  lines. 

quarter-wave  “matching  section”  is  con¬ 
nected  to  a  high-  or  low-impedance  point  on 
the  antenna. 

Quarter-wave  matching  sections  are  par- 
ticularly  useful  when  a  non-resonant  line  hav- 
ing  a  surge  impedance  of  600  ohms  (a  popular 
value)  is  to  be  matched  to  the  antenna. 

Fig.  2210  shows  two  methods  of  coupling  a 
non-resonant  line  to  a  half-wave  antenna 
through  a  quarter-wave  matching  section.  In 
the  case  of  the  center-fed  antenna  the  free  end 
of  the  matching  section,  B,  is  open  (high  im¬ 
pedance)  since  the  other  end  is  connected  to  a 
low-impedance  point  on  the  antenna.  With  the 
end-fed  antenna  the  free  end  of  the  matching 
section  is  closed  through  a  shorting  bar  or  link ; 
this  end  has  low  impedance  since  the  other  end 
is  connected  to  a  high-impedance  point  on  the 
antenna. 

In  the  center-fed  System,  the  antenna  and 
matching  section  should  be  cut  to  the  lengths 
found  from  the  formulas  previously  given.  Any 
necessary  on-the-ground  adjustment  can  be 
made  by  adding  to  or  clipping  off  the  open  ends 
of  the  matching  section.  The  matching  section 
in  the  end-fed  System  can  be  adjusted  by  mak- 
ing  the  line  a  little  longer  than  necessary  and 
adjusting  the  System  to  resonance  by  moving 
the  shorting  link  up  and  down.  Resonance  can 
be  obtained  by  exciting  the  antenna  from  a 
temporary  antenna  nearby  (the  transmitter 
being  on  the  proper  frequency,  of  course)  and 
measuring  the  current  in  the  shorting  bar  by 
a  low-range  r.f.  ammeter  or  galvanometer. 
The  position  of  the  bar  should  be  adjusted  for 
maximum  current  reading.  This  should  be  done 
before  the  untuned  line  is  attached  to  the 
matching  section. 

The  position  of  the  line  taps  must  be  deter- 
mined  experimentally,  since  it  will  depend 
upon  the  impedance  of  the  line  as  well  as  the 
antenna  impedance  at  the  point  of  connection. 
The  procedure  is  to  take  a  trial  point,  apply 
power  to  the  transmitter,  and  check  the 
non-resonant  line  for  standing  waves.  This 
can  be  done  by  measuring  the  current  in  the 
wires,  using  a  device  of  the  type  pictured  in 
Fig.  2211.  The  hooke  (which  should  be  eharp 
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enough  to  cut  through  insulation,  if  any,  of  the 
wires)  are  placed  on  one  of  the  wires,  the  spac- 
ing  between  them  being  adjusted  to  give  a 
suitable  reading  on  the  meter.  At  any  one  posi- 
tion  along  the  line  the  currents  in  the  two 
wires  should  be  identical.  Readings  taken  at 
intervals  of  a  quarter  wavelength  will  indicate 
whether  or  not  standing  waves  are  present. 

It  will  not  usually  be  possible  to  obtain 
complete  elimination  of  standing  waves  when 
the  matching  stub  is  exactly  resonant.  The 
line  taps  should  be  adjusted  for  the  smallest 
standing-wave  ratio,  after  the  system  is  reso- 
nated  as  described  above,  that  it  is  possible  to 
obtain.  Then  a  further  “touching  up”  of  the 
matching  stub  will  eliminate  the  remaining 
standing  wave,  provided  the  adjustments  are 
made  carefully.  The  stub  must  be  readjusted 
because  when  resonant  it  exhibita  some  re- 
actance  as  well  as  resistance  at  all  points 
except  at  the  ends,  and  the  slight  lengthening 
or  shortening  of  the  stub  is  necessary  to  tune 
out  this  reactance.  The  required  readjustment 
is  quite  small,  however. 
j  An  impedance  mismatch  of  several  per  cent 
is  of  little  consequence  so  far  as  power  trans¬ 
fer  to  the  antenna  is  concerned.  It  is  relatively 
easy  to  get  the  standing  wave  ratio  down  to 
2  or  3  to  1,  a  perfectly  satisfactory  condition  in 
practice.  Of  considerably  greater  importance 
is  the  necessity  for  getting  the  currents  in  the 
two  wires  balanced  both  as  to  amplitude  and 
phase.*  If  the  currents  are  not  the  same  at 
corresponding  points  on  adjacent  wires,  and 
the  loops  and  nodes  do  not  also  occur  at  cor¬ 
responding  points,  there  will  be  considerable 
radiation  loss.  This  balance  can  only  be 
brought  about  by  perfect  symmetry  in  the 
line,  particularly  with  respect  to  ground.  This 
symmetry  should  extend  to  the  coupling  ap- 
paratus  at  the  transmitter.  An  electrostatic 
shield  between  the  line  and  the  transmitter 
coupling  coils  often  will  be  of  value  in  pre- 
venting  capacity  unbalance,  and  at  the  same 
time  will  reduce  harmonie  radiation. 


Fig.  2212  —  The  ,fQ”  antenna  with  quarter-wave 
matching  section  using  spaced  tubing.  Antenna  length 
can  be  found  from  Fig.  2204.  The  matching  section 
lengtb,  B,  is  given  by  Equation  (3).  The  spacing,  C,  de- 
pends  upon  the  impedanee  of  the  untuned  line,  and  can 
be  found  from  Fig.  2202  for  a  given  size  of  tubing  to 
make  a  line  having  surge  impedance  determined  by 
Equation  4. 


When  the  connection  between  matching  sec¬ 
tion  and  antenna  is  unbalanced,  as  in  the  end- 
fed  system,  it  is  important  that  the  antenna  be 
the  right  length  for  the  operating  frequency  if 
a  good  match  is  to  be  obtained.  The  balanced 
center-fed  system  is  less  critical  in  this  respect. 
The  shorting-bar  method  of  tuning  the  center- 
fed  system  to  resonance  may  be  used  if  the 
matching  section  is  extended  to  a  half-wave- 
length,  bringing  a  current  loop  at  the  free  end. 

The  “Q”  Antenna 

The  impedance  of  a  two-wire  line  of  ordi- 
nary  construction  (400  to  600  ohms)  can  be 
matched,  without  tapping,  to  the  impedance 
of  the  center  of  a  half-wave  antenna  by  the  use 
of  a  quarter-wave  line  of  special  characteristics. 
The  matching  section  must  have  low  surge 
impedance  and  therefore  is  commonly  con- 
structed  of  large-diameter  conductors  such  as 
aluminum  or  copper  tubing,  with  fairly  close 
spacing.  This  type  of  antenna  can  be  pur- 
chased  in  kit  form  and  is  known  as  the  “Q” 
antenna.  It  is  shown  in  Fig.  2212.  The  im¬ 
portant  dimensions  are  the  length  of  the 
antenna,  the  length  of  the  matching  section, 
B,  the  spacing  between  the  two  conductors  of 
the  matching  section,  C,  and  the  impedance 
of  the  untuned  transmission  line  connected  to 
the  lower  end  of  the  matching  section. 

The  required  surge  impedance  for  the  match¬ 
ing  section  is 

Z,=  VZTz;  (4) 

where  the  quantities  are  the  same  as  previously 
given.  A  quarter-wave  section  matching  a 
600-ohm  line  to  the  center  of  a  half-wave  an¬ 
tenna  (72  ohms),  for  example,  should  have  a 
surge  impedance  of  208  ohms.  The  spacings 
between  conductors  of  various  sizes  of  tubing 
and  wire  for  different  surge  impedances  are 
given  in  graphical  form  in  Fig.  2202.  With 
half-inch  tubing,  for  example,  the  spacing 
should  be  1.5  inches  for  an  impedance  of  208 
ohms. 

The  length,  B,  of  the  matching  section 
should  be  equal  to  a  quarter  wavelength,  and 
is  given  by 

Length  of  % _ 234 

wave  line  (feet)  —  Freq.  (Mc.) 

The  length  of  the  antenna  can  be  calculated 
from  the  formula  in  Chapter  21  or  taken  from 
the  charts  of  Fig.  2204. 

This  system  has  the  advantage  of  the  sim- 
plicity  in  adjustment  of  the  twisted  pair  feeder 
system  and  at  the  same  time  the  superior  in¬ 
sulation  of  an  open-wire  system. 

•  THE  RESONANT  TWO-WIRE  LINE 

It  is  often  belpful  to  look  upon  the  resonant 
line  simply  as  an  antenna  folded  back  on  itself 
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80  that  the  radiation  from  one  half  is  cancelled 

by  the  out-of-phase  radiation  from  the  other 
half.  Such  a  line  may  be  any  whole-number 
multiple  of  a  quarter-wave  in  length;  in  other 
words  any  total  wire  length  which  will  ac¬ 
commodatie  a  whole  number  of  standing  waves. 
(The  "length,”  however,  of  a  two-wire  line  is 
always  taken  as  the  length  of  one  of  the  wires.) 

Quarter-  and  half-wave  resonant  lines  are 
shown  in  Fig.  2213.  The  current  distribution  on 
both  antenna  and  line  is  indicated.  It  will  be 
noted  that  the  quarter-wave  line  has  maxi¬ 
mum  current  at  one  end  and  minimum  current 
at  the  other,  determined  by  the  point  of  con- 
nection  to  the  antenna.  The  half-wave  line, 
however,  has  the  same  current  (and  voltage) 
values  at  both  ends;  if  the  line  is  closed  at  one 
end,  the  current  is  maximum  at  both  ends  and 
the  voltage  minimum,  while  if  both  ends  are 
open  the  current  is  minimum  and  the  voltage 
maximum  at  the  ends.  The  terms  “open”  and 
“closed”  as  used  here  do  not  mean  necessarily 
that  nothing  is  connected  to  the  line,  or  that 
the  line  is  short-circuited.  Actually,  of  course, 
something  must  be  connected  to  the  line  for  it 
to  function;  the  “open”  end  would  be  con¬ 
nected  to  a  high-voltage  low-current  circuit 
and  the  “closed”  end  to  a  low-voltage  high- 
current  circuit. 

If  we  connect  a  quarter-wave  line  to  the  end 
of  an  antenna  as  shown  in  Fig.  2213-A,  then  at 
the  transmitter  end  of  the  line  we  have  high 
current  and  low  voltage,  so  that  current  feed 
(Fig.  2201-A)  with  a  coil  and  series  condensers 
(series  timing)  can  be  used.  Should  the  line  be  a 
half-wave  long,  as  at  2213-B,  current  will  be 
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Fig.  2213  —  Half-wave  antennas  fed  from  resonant 
Unes.  A  and  B,  end  feed  with  quarter-  and  half-wave 
tines;  C  and  D,  center  feed.  The  current  distribution  is 
shown  for  all  four  cases. 


minimum  at  the  transmitter  end  of  the  line, 

just  as  it  is  at  the  end  of  the  antenna.  Voltage 
feed  therefore  is  required  and  the  parallel- 
resonant  tuned  circuit  (Fig.  2201-C)  (parallel 
timing)  must  be  used.  The  line  could  be  coupled 
to  a  balanced  final  tank  through  small  con¬ 
densers,  as  in  Fig.  2209-C,  but  the  inductively- 
coupled  circuit  is  preferable.  An  end-fed  an¬ 
tenna  with  resonant  feeders,  as  in  2213-A  and 
B,  is  known  as  the  “Zeppelin,”  or  “Zepp,” 
antenna. 

The  line  also  may  be  inserted  at  the  center  of 
the  antenna  at  the  maximum-current  point. 
Quarter-  and  half-wave  lines  used  in  this  way 
are  shown  at  Fig.  2213-C  and  D.  In  C,  the  an¬ 
tenna  end  of  the  line  is  “closed,”  hence  at  the 
transmitter  end  the  current  is  low  and  the 
voltage  high.  Parallel  tuning  therefore  is  used. 
The  half-wave  line  at  D  has  high  current  and 
low  voltage  at  both  ends,  so  that  series  tuning 
is  used  at  the  transmitter  end. 

A  significant  point  to  be  noted  is  that  the 
antenna  determines  the  distribution  of  voltage 
and  current.  In  Fig.  2213-C,  for  instance,  series 
tuning  (current  feed  to  the  feeders)  cannot  be 
used  because  there  must  be  high  current  at  the 
center  of  the  half-wave  antenna  if  it  is  to  oper- 
ate;  consequently  the  voltage  must  be  high  at 
the  transmitter  end  of  the  quarter-wave 
feeder.  If  we  attempt  to  make  this  end  of  the 
feeder  carry  high  current  we  should  have  to 
have  high  voltage  at  the  center  of  the  antenna. 
Logically  it  follows  that,  since  each  end  of  the 
antenna  is  one-quarter  wave  from  the  center, 
we  should  have  to  have  high  current  at  the 
antenna  ends.  This  of  course  is  impossible.  If 
series  tuning  is  used  in  the  arrangement  of  Fig. 
2213-C  it  will  be  found  that  the  combination 
“will  not  tune”;  in  other  words,  the  antenna 
will  not  take  power  from  the  transmitter. 

Practical  Antennas  Uaing  Resonant -Line 
Feed 

The  four  arrangements  shown  in  Fig.  2213 
are  thoroughly  useful  antenna  systems,  and  are 
shown  in  more  practical  form  in  Fig.  2214.  In 
each  case  the  antenna  is  a  half  wavelength 
long,  the  exact  length  being  calculated  or 
taken  from  the  charts  of  Fig.  2204.  The  line 
length  should  be  an  integral  (whole  number) 
multiple  of  a  quarter  wavelength,  and  may  be 
calculated  from  Equation  (3)  the  result  being 
multiplied  by  any  whole  number  which  gives  a 
total  length  convenient  for  reaching  from  the 
antenna  to  the  transmitter.  If  there  is  an  odd 
number  of  quarter  waves  on  the  line  in  the  case 
of  the  end-fed  antenna,  series  tuning  will  be 
used  at  the  transmitter  end;  if  an  even  number 
of  quarter  waves,  then  parallel  tuning  is  used. 
With  the  center-fed  antenna  the  reverse  is 
true. 
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Tuning 

The  tuning  procedure  with  series  tuning  is  as 
follows:  With  C\  and  Ci  at  minimum  capacity, 
couple  the  antenna  coil  Li  Ioosely  to  the  trans- 
mitter  output  tank  coil  and  observe  the  plate 
current.  Then  increase  C\  and  Ci  simultane- 
ously,  until  a  setting  is  reached  which  gives 
maximum  plate  current,  indicating  that  the 
antenna  system  is  in  resonance  with  the  trans- 
mitting  frequency.  Readjust  the  plate  tank 
condenser  to  minimum  plate  current.  This  is 
necessary  because  tuning  the  antenna  circuit 
will  have  some  effect  on  the  tuning  of  the  plate 
tank.  The  new  minimum  plate  current  will  be 
higher  than  with  the  antenna  system  detuned, 
but  should  still  be  well  below  the  rated  value 
for  the  tube  or  tubes.  Increase  the  coupling  be- 
tween  L\  and  Li  by  a  small  amount,  readjust 
Ci  and  Ci  for  maximum  plate  current,  and 
again  set  the  plate  tank  condenser  to  mini¬ 
mum.  Continue  this  process  until  the  mini¬ 
mum  plate  current  is  equal  to  the  rated  plate 
current  for  the  amplifier.  Always  use  the  de- 
gree  of  coupling  between  L\  and  Li  which  will 
just  bring  the  amplifier  plate  current  to  rated 
value  when  C\  and  Ci  pass  through  resonance. 
The  r.f.  ammeters  should  indicate  maximum 
feeder  current  at  the  resonance  setting;  these 
meters  are  not  strictly  necessary,  but  are  useful 


in  indicating  the  relative  power  output  from 
the  transmitter. 

With  parallel  tuning  the  procedure  is  quite 
similar,  except  that  only  one  antenna  con¬ 
denser  is  used.  Find  the  value  of  coupling  be¬ 
tween  Li  and  Li  which  will  bring  the  plate 
current  to  the  desired  value  as  C 1  is  tuned 
through  resonance.  Again  a  slight  readjust- 
ment  of  the  amplifier  tank  condenser  may  be 
necessary  to  compensate  for  the  effect  of 
coupling. 

Feeder  Current 

The  feeder  current  as  read  by  the  r.f.  am¬ 
meters  is  useful  for  tuning  purposes  only;  the 
absolute  value  is  of  little  importance.  When 
series  tuning  is  used  the  current  will  be  high, 
but  very  little  current  will  be  indicated  in  a 
parallel-tuned  system.  This  is  because  of  the 
current  distribution  on  the  feeders  as  shown  by 
Fig.  2213.  With  a  given  antenna  and  tuning 
system,  of  course,  the  greatest  power  will  be 
delivered  to  the  antenna  when  the  readings  are 
highest.  However,  should  the  feeder  length  be 
changed  no  useful  conclusions  can  be  drawn 
from  comparison  between  the  new  and  old 
readings.  For  this  reason  any  indicator  which 
registers  the  relative  intensity  of  r.f.  current 
can  be  used  for  tuning  purposes.  Many  ama¬ 
teurs,  in  fact,  use  flashlight  or  dial  lamps  for 
this  purpose  instead  of  meters.  They  are 


Fig.  2214  —  Practical  half-wave  antenna  Systems  using  regonant-line  feed.  In  the  center-feed  Systems,  the  antenna 
length  "X"  does  not  include  the  length  oi  the  insulator  at  the  center.  Line  length  is  measured  from  the  antenna  to  the 
tuning  apparatus;  leads  in  the  latter  should  be  short  enough  to  be  neglected.  The  two  meters  shown  are  helpful  for 
balancing  feeder  currents;  however,  one  is  sufficiënt  for  tuning  for  maximum  output,  and  may  be  transferred  from 
one  feeder  to  the  other,  if  desired.  The  Systems  at  (A)  and  (C)  are  for  feeders  an  odd  number  of  quarter-wavea  in 
length;  (B)  and  (D)  for  feeders  a  multiple  of  a  half  wavelength,  The  drawings  correspond  electrically  to  tbose  of 
Fig.  2213. 

CHAPTER  TWENTY-TWO  335 


The  Radio  Amateur’s  Handbook 


cheap,  and  when  shunted  by  short  lengths  of 
wire  so  that  eonsiderable  current  can  be  passed 
without  burnout  will  serve  very  well  even  with 
high-power  transmitters. 

Circuit  Values 

The  values  of  inductance  and  capacity  to 
use  in  the  antenna  coupling  System  will  de- 
pend  upon  the  transmitting  frequency,  but 
are  not  particularly  critical.  With  series  tuning, 
the  coil  may  consist  of  a  few  turns  of  the  same 
construction  as  is  used  in  the  final  tank;  aver¬ 
age  values  will  run  from  two  or  three  turns  at 
28  Mc.  to  perhaps  10  or  12  at  3.5  Mc.  The 
number  of  turns  preferably  should  be  adjust- 
able  so  that  the  inductance  can  be  changed 
should  it  not  be  possible  to  reach  resonance 
with  thecondensers  used.  The  series  condensers 
should  have  a  maximum  capacity  of  250  or 
350  /i^fd.  at  the  lower  frequencies;  the  same 
values  will  serve  even  at  28  Mc.,  although  100 
w<fd.  will  be  ample  for  this  and  the  14-Mc. 
band.  Since  series  tuning  is  used  at  a  low- 
voltage  point  in  the  feeder  system,  the  plate 
spacing  of  the  condensers  does  not  have  to  be 
large.  Ordinary  receiving-type  condensers  are 
large  enough  for  plate  voltages  up  to  1000, 
and  the  smaller  transmitting  condensers  have 
high-enough  voltage  ratings  for  higher-power 
applications.  With  high-power  'phone  it  may 
be  necessary  to  use  condensers  having  a  plate 
spacing  of  approximately  0.15  to  0.2  inch. 

In  parallel-tuned  circuits  the  antenna  coil 
and  condenser  should  be  approximately  the 
same  as  those  used  in  the  final  tank  circuit. 
The  antenna  tank  circuit  must  be  capable  of 
being  tuned  independently  to  the  transmitting 
frequency,  and  if  possible  provision  should  be 
made  for  tapping  the  coil  so  that  the  L/C 
ratio  can  be  varied  to  the  optimum  value  as 
determined  experimentally. 

Alternative  Coupling  Circuits 

The  coupling  arrangements  in  Fig.  2214  are 
simple  and  easy  to  adjust,  but  the  antenna  coil 
must  be  arranged  so  that  its  position  with 
respect  to  the  output  tank  coil  can  be  changed. 
In  practice,  the  antenna  coil  usually  is  mounted 
so  that  it  can  be  moved  toward  or  away  from 
the  final  tank  coil  (the  two  coils  being  coaxial) 
on  insulating  bars  or  some  other  device  which 
permits  the  coil  to  be  slid  back  and  forth. 
A  swinging  mount  also  can  be  used.  These 
schemes  are  sometimes  inconvenient  for  me¬ 
chanica!  reasons. 

Coupling  circuits  which  do  not  involve  mov- 
ing  coils  —  or  at  most  only  a  variable  link  coil 
of  the  type  now  available  on  manufactured 
transmitting  coils  —  are  shown  in  Fig.  2215. 
At  A  is  a  link-coupled  system  with  taps  on  the 
antenna  coil  for  adjusting  the  loading.  The  link 
at  the  transmitter  tank  coil  may  consist  of  one 


or  two  turns  wound  around  the  coil  at  a  low- 
potential  point.  At  the  antenna  circuit,  the 
taps  are  kept  equidistant  from  the  center  of  the 
coil,  the  number  of  turns  between  taps  being 
adjusted  to  give  the  desired  plate  current 
when  the  antenna-feeder  system  is  tuned  to 
resonance.  The  tap  adjustment  will  be  right 
when  the  antenna  condenser  or  condensers 
bring  the  plate  current  to  the  desired  value 
just  as  they  are  passing  through  resonance. 
The  system  may  be  used  with  either  series  or 
parallel  tuning;  the  circuit  values  will  be  the 
same  as  with  the  inductively-coupled  arrange¬ 
ments  of  Fig.  2214.  When  the  coupling  and 
tuning  adjustments  are  correct  there  will  be 
practically  no  detuning  effect  on  the  trans¬ 
mitter  tank;  that  is,  the  resonance  setting 
should  be  practically  the  same  both  with  and 
without  the  link  connected  to  L. 

In  B,  link  coupling  is  used  at  both  ends,  in 
which  case  the  coupling  between  one  coil  and 
its  link  must  be  variable.  Variable  coupling  at 
either  end  will  be  satisfactory.  Swinging  links 
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Fig.  2215  —  Antenna  coupling  gystems  without 
movable  coils.  A  and  Bf  link-coupled  circuits  for  series 
and  parallel  tuning;  C,  balanced  low-pass  filter.  In  A  and 
B ,  dotted  lines  show  connections  for  parallel  tuning 
when  called  for;  in  such  case  the  series  condensers,  Ci 
and  C2,  may  be  set  at  maximum  capacity  or  short- 
circuited.  Constants  for  L,  Ci,  C2  and  Cs  are  the  same  as 
for  inductive  coupling,  and  are  discussed  in  the  text. 

In  C,  Ci  and  C2  may  be  100  to  250  ^fd.  each,  the 
higher-capacity  values  being  used  for  lower-frequency 
opera tion  (3.5  and  1.75  Mc.).  Plate  spacing  should  in 
general  be  at  least  half  that  of  the  final  amplifier  tank 
condenser.  For  operation  from  1.75  to  14  Mc.,  Li  and  La 
each  should  be  15  turns  2  inches  in  diameter,  spaced 
to  occupy  3  inches  length,  and  tapped  every  three  turns, 
Approximate  settings  are  15  turns  for  1.75  Mc.,  9  turns 
for  3.5  Mc.,  6  turns  for  7  Mc.,  and  3  turns  for  14  Mc. 
The  coils  may  be  wound  with  No.  14  or  No.  12  wire. 
See  text  for  method  of  adjustment. 
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such  as  those  shown  in  Chapter  10  may  be 
used,  or  the  link  coil  may  be  mounted  inside 
the  tank  or  antenna  coil  and  arranged  so  that  it 
may  be  rotated  with  respect  to  the  coil.  The 
adjustment  method  is  the  same  as  with  the 
circuit  of  A  except  that  the  link  position  at  the 
variable-coupling  end  is  changed  instead  of 
the  taps.  Either  series  or  parallel  tuning  again 
may  be  used. 

Suitable  link  lines  may  be  made  from  twisted 
rubber-covered  pair,  just  as  in  the  case  of  link- 
coupled  stages  in  the  transmitter.  They  may 
be  of  any  convenient  length,  so  that  the  an¬ 
tenna  tuning  unit  may  be  mounted  at  the  point 
where  the  feeders  enter  the  building  or  operat- 
ing  room,  if  desired,  regardless  of  the  position 
of  the  transmitter. 

A  balanced  pi-section  coupling  network  is 
shown  in  Fig.  2215-C.  This  is  a  low-pass  filter 
capable  of  coupling  between  a  fairly  wide 
range  of  impedances  such  as  is  encountered  in 
going  from  series  to  parallel  tuning.  Suitable 
constants  are  given  under  the  diagram.  The 
method  of  adjustment  is  as  folio wsr  First, 
with  the  filter  disconnected  from  the  trans¬ 
mitter  tank,  tune  the  transmitter  tank  to 
resonance,  as  evidenced  by  minimum  plate 
current.  Then,  with  trial  settings  of  the  clips 
on  Li  and  Li  (few  turns  for  high  frequencies, 
more  for  lower)  tap  the  input  clips  on  the  final 
tank  coil  at  points  equidistant  from  the  center 
so  that  about  half  the  coil  is  included  between 
them.  A  balanced  tank  circuit  must  be  used. 
Set  Ci  at  about  half  scale,  apply  power,  and 
rapidly  rota  te  C\  until  the  plate  current  drops 
to  minimum.  If  this  minimum  is  not  the  de¬ 
sired  full-load  plate  current,  try  a  new  setting 
of  C 2  and  repeat.  If,  for  all  settings  of  Cj,  the 
plate  current  is  too  high  or  too  low,  try  new 
settings  of  the  taps  on  L\  and  L3,  and  also  on 
the  transmitter  tank.  Do  not  touch  the  tank 
condenser  during  these  adjustments,  When, 
finally,  the  desired  plate  current  is  obtained, 
set  Ci  carefully  to  the  exact  minimum  plate- 
current  point.  This  adjustment  is  important  in 
minimizing  harmonie  output. 

With  some  lengths  of  resonant  lines,  particu- 
larly  those  not  exact  multiples  of  a  quarter 
wavelength,  it  may  be  difficult  to  get  proper 
loading  with  the  pi-section  coupler.  Usually, 
these  lengths  also  will  be  difficult  to  feed  with 
other  Systems  of  coupling.  In  such  cases,  the 
proper  loading  often  can  be  obtained  by  varying 
the  L/C  ratio  of  the  filter  over  a  considerably 
wider  range  than  is  used  for  normal  loads. 

Feeder  Lengt  ha 

The  fact  that  the  feeder-tuning  apparatus 
makes  it  possible  to  vary  the  electrical  length 
of  the  feeder  obviates,  to  some  extent,  the 
necessity  for  cutting  resonant  feeders  to  exact 
integral  multiples  of  a  quarter  wavelength. 


It  is,  in  fact,  possible  to  depart  as  much  as  25% 
of  a  quarter  wave  from  the  exact  length  and 
still  tune  the  system  properly.  In  such  case,  the 
type  of  tuning  to  use,  series  or  parallel,  will 
depend  on  whether  the  length  of  the  feeder  is 
nearer  an  odd  number  of  quarter  waves  or 
nearer  an  even  number. 

Departure  from  the  exact  length  is  often 
convenient  on  the  lower  frequencies,  where 
even  a  quarter-wave  feeder  may  be  physically 
longer  than  is  desired.  At  3500  kc.,  for  example, 
a  quarter-wave  line  is  approximately  67  feet 
long.  lts  length  could  be  reduced  to  50  feet 
and  still  be  made  to  resonate  with  series  tuning 
by  using  a  sufficiently  large  coupling  coil.  In 
such  case  the  condensers  might  be  shorted  out 
and  the  tuning  done  by  varying  the  coil  in- 
ductance.  Alternatively,  a  100-foot  line  could 
be  used  on  the  same  frequency  by  using  a 
smaller  coil  and  reduced  series  capacity. 

Whenever  possible,  however,  it  is  advisable 
to  stick  to  the  integral  multiples  of  a  quarter 
wavelength.  This  is  the  surest  way  of  avoiding 
the  tuning  difficulties  which  often  arise  when 
the  line  is  midway  between  lengths  calling  for 
series  and  parallel  tuning. 

Antenna  Length  in  Relation  to  Feeder 
Operation 

It  has  been  previously  pointed  out  that  inso- 
far  as  the  operation  of  the  antenna  is  con- 
cerned,  departures  of  a  few  per  cent  from  the 
exact  length  for  resonance  are  of  negligible 
consequence.  Such  inaccuracies  may  influence 
the  behavior  of  the  feeder  system,  however, 
and  as  a  result  may  have  an  adverse  effect  on 
the  operation  of  the  system  as  a  whole.  This 
is  true  of  the  end-fed  antennas  such  as  are 
shown  in  Fig.  2214-A  and  -B. 

For  example,  Fig.  2216-A  shows  the  current 
distribution  on  the  half-wave  antenna  and 
quarter-wave  feeder  when  the  antenna  length 
is  correct.  At  the  junction  of  the  “live”  feeder 
and  the  antenna  the  current  is  minimum  so 
that  the  currents  in  the  two  feeder  wires  are 
equal  at  all  corresponding  points  along  their 
length.  When  the  antenna  is  too  long,  as  in  B, 
the  current  minimum  occurs  at  a  point  on  the 
antenna  proper,  so  that  at  the  top  of  the  live 
feeder  tbere  is  already  appreciable  current 
flowing,  whereas  at  the  top  of  the  “dead” 
feeder  the  current  must  be  zero.  As  a  result,  the 
feeder  currents  are  not  balanced  and  some 
power  will  be  radiated  from  the  line.  In  C 
the  antenna  is  too  short,  bringing  the  current 
minimum  to  a  point  on  the  live  feeder,  so  that 
again  the  currents  are  unbalanced.  The  more 
serious  the  unbalance  the  greater  the  radiation 
from  the  line. 

Strictly  speaking,  a  line  having  an  unbal¬ 
anced  connection  such  as  the  one-way  termi- 
nation  at  the  end  of  an  antenna  cannot  be  truly 
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balanced  even  though  the  antenna  length  is 
correct.  This  is  because  of  the  difference  in 
loading  on  the  two  sides.  The  effect  is  fairly 
small,  however,  when  the  currents  are  bal¬ 
anced,  and  the  illustration  just  given  serves  to 
eraphasize  the  importance  of  correct  antenna 
length. 

If  the  antenna  is  fed  at  the  center  the  un- 
desirable  effects  of  incorrect  antenna  length 
balance  out  so  that  the  line  operates  properly 
under  all  conditions.  This  is  shown  in  Fig. 
2216  at  D,  E  and  F.  So  long  as  the  two  halves 
of  the  antenna  are  of  equal  length,  the  dis- 
tribution  of  current  on  the  feeders  will  be 
symmetrical  so  that  no  unbalance  exists,  even 
for  antenna  lengths  considerably  removed 
from  the  correct  value. 

The  conditions  illustrated  in  Fig.  2216  are 
also  true  for  quarter-  and  half-wave  matching 
sections  of  the  type  shown  in  Fig.  2210. 

Adjusting  the  Antenna  Length 

Although  the  formula  and  charts  for  antenna 
length  are  sufficiently  accurate  under  average 
conditions,  height,  nearness  of  the  wire  to 
houses,  trees,  etc.,  may  make  the  required 


actual  length  differ  somewhat.  When  the  an¬ 
tenna  is  to  be  end-fed,  then,  it  is  desirable  to 
adjust  the  length  to  the  right  value  if  feeder 
radiation  is  to  be  avoided. 

With  tuned  feeders,  a  fairly  simple  way  to 
adjust  the  length  is  to  leave  off  the  connection 
between  the  antenna  and  feeders  (but  with  the 
feeders  in  place)  and  hoist  the  assembly  to  its 
final  position.  Then  carry  out  the  tuning 
procedure  just  as  described  previously,  using 
loose  coupling  so  that  the  resonance  point  is 
quite  marked.  Low  power  should  be  used,  es- 
pecially  with  series  tuning,  since  without  the 
antenna  connected  the  feeder  current  will  be 
much  greater  than  normal.  Then  Iower  the 
antenna,  connect  the  feeder,  hoist  again,  and 
with  the  coupling  just  as  it  was  before,  again 
adjust  the  antenna  condensers  to  resonance. 
If  resonance  occurs  at  the  same  condenser 
settings  the  antenna  length  is  correct.  If  more 
capacity  must  be  used,  the  antenna  is  too 
short;  if  less,  the  wire  is  too  long.  Add  or  sub- 
tract,  as  the  case  may  be,  a  few  inches  to  the 
antenna  and  try  again.  The  correct  length 
should  be  found  after  a  few  trials.  The  an¬ 
tenna  may  be  intentionally  made  a  little  long 
in  the  first  place  so  that 
no  joints  in  the  wire  will 
be  needed  when  the  final 
length  is  reached. 

An  alternative  method 
is  to  use  a  regenerative 
detector  as  a  resonance 
indicator,  coupling  it 
loosely  to  the  antenna, 
from  which  the  feeders 
are  disconnected  for  the 
test.  (If  the  antenna  is  to 
be  center  fed  the  length 
should  be  checked  before 
cutting  the  wire  at  the  cen¬ 
ter.)  Careful  tuning  with 
the  detector  just  oscillat- 
ing  will  show  resonance  as 
a  setting  at  which  the  de¬ 
tector  is  pulled  out  of  os- 
cillation.  The  frequency  at 
which  this  occurs  may  be 
checked  by  one  of  the 
methods  given  in  Chapter 
17;  if  it  is  higher  than 
desired  the  antenna  should 
be  lengthened  and  vice 
versa. 


Fig.  2216  —  Effect  on  feeder  balance  of  incorrect  antenna  length.  With  center 
feed,  incorrect  antenna  length  does  not  unbalance  the  feed  aystem,  as  it  doea  with 
end  feed. 
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An  antenna  will  be  resonant  if  an  integral 
number  of  standing  waves  of  current  and 
voltage  can  exist  along  its  length.  In  other 
words,  the  antenna  will  radiate  well  so  long 
as  its  length  is  some  integral  multiple  of  a 
half-wavelength.  When  the  antenna  is  more 
than  a  half-wave  long,  it  is  usually  called  a 
long-wire  antenna,  or  a  harmonie  antenna. 

Fig.  2301  shows  the  current  and  voltage 
distribution  along  a  wire  operating  at  its 
fundamental  frequency  (where  its  length  is 


FUNDAMENTAL  (HALF-WAVE) 


2no  HARMONIC  (full-wave) 


3ad  HARMONIC  (%-WAVE) 


4th  HARMONIC (2-WAVE) 


Fig.  2301  — Current  and  voltage  distribution  along 
an  antenna  opera ted  at  various  harmonies  of  its  funda- 
mental  resonant  frequency. 

equal  to  a  half  wavelength)  and  at  its  second, 
third  and  fourth  harmonies.  For  example,  if 
the  fundamental  frequency  of  the  antenna  is 
7  Mc.,  the  current  and  voltage  distribution  will 
be  as  shown  at  A.  The  same  antenna  excited  at 
14  Mc.  would  have  current  and  voltage  dis¬ 
tribution  as  shown  at  B.  At  21  Mc.,  the  third 
harmonie  of  7  Mc.,  the  current  and  voltage 
distribution  would  be  as  in  C;  and  at  28  Mc., 


the  fourth  harmonie,  as  in  D.  The  number  of 
the  harmonie  is  the  number  of  half-waves  con- 
tained  in  the  antenna  at  the  particular  operat¬ 
ing  frequency. 

It  is  evident  that  one  antenna  may  be  used 
for  harmonically  related  frequencies,  such  as 
the  various  amateur  bands.  The  long-wire  or 
harmonie  antenna  is  the  basis  of  multi-band 
operation  with  one  antenna. 

As  the  wire  is  made  longer,  in  terms  of  the 
number  of  half  wavelengths,  the  antenna 
characteristics  change;  this  is  particularly  true 
of  the  directional  effects.  Instead  of  the 
“doughnut”  pattern  of  the  half-wave  antenna, 
the  directional  characteristic  splits  up  into 
“lobes”  which  make  various  angles  with  the 
wire.  In  general,  as  the  length  of  the  wire  is 
increased  the  direction  of  maximum  radiation 
tends  to  approach  the  line  of  the  antenna  itself. 


Fig.  2302  —  The  important  curvea  for  harmonically- 
operated  horizontal  antennas.  Curve  A  shows  the  varia- 
tion  in  radiation  resistance  with  antenna  length.  Curve 
B  shows  the  power  in  the  lohes  of  maximum  radiation 
for  long-wire  antennas  as  a  ratio  to  the  maximum  of  a 
half-wave  antenna. 
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Fig.  2303  —  Horizontal  patterna  of  radiation  from  a 
full-wave  antenna.  Solid  line,  vertical  angle  15  degrees; 
dotted  lines,  deviation  from  15-degree  pattern  at  9  and 
30  degree9. 

All  three  patterna  are  drawn  to  the  same  relative  scale; 
actual  amplitudes  will  depend  upon  the  height  of  the 
antenna. 


When  the  same  antenna  is  used  for  work  in 
several  bands,  it  must  be  realized  that  the 
directional  characteristic  will  depend  on  the 
band  in  use. 

The  radiation  resistance  as  measured  at  a 
current  loop  becomes  larger  as  the  antenna 
length  is  increased.  Also,  a  long-wire  antenna 
radiates  more  power  in  its  most  favorable 


Fig.  2304  —  Horizontal  pattems  of  radiation  from  an 
antenna  three  half-wavelengths  long.  Solid  line,  vertical 
angle  15  degrees;  dotted  lines,  deviation  from  15-degree 
pattern  at  9  and  30  degrees.  The  minor  lohes  coincide 
for  all  three  angles.  See  Fig.  2303  for  further  discussion. 


direction  than  does  a  half-wave  antenna  in  its 

most  favorable  direction.  This  power  gain  is 
secured  at  the  expense  of  radiation  in  other 
directions.  Fig.  2302  shows  how  the  radiation 
resistance  and  power  in  the  lobe  of  maximum 
radiation  vary  with  the  antenna  length. 

Directional  characteristics  for  antennas  one 
wavelength,  three  half-wavelengths,  and  two 
wavelengths  long  are  given  in  Figs.  2303,  2304, 
and  2305,  for  the  three  vertical  angles  of  radia¬ 
tion  considered  in  Chapter  21.  Note  that  as  the 
wire  length  increases  the  radiation  along  the 
line  of  the  antenna  becomes  more  pronounced. 
Still  longer  antennas  can  be  considered  to  be 
practically  “end-on”  radiators,  even  at  the 
lower  radiation  angles. 


Fig.  2305  —  Horizontal  patterns  of  radiation  from 
an  antenna  two  wavelengths  long.  Solid  line,  vertical 
angle  15  degrees;  dotted  lines,  deviation  from  15-degree 
pattern  at  9  and  30  degrees.  The  minor  lohes  coincide 
for  all  three  angles.  See  Fig.  2303  for  further  discussion. 


The  length  of  a  long-wire  antenna  is  not 
an  exact  multiple  of  that  of  a  half-wave  an¬ 
tenna  because  the  end  effects  operate  only  on 
the  end  sections  of  the  antenna;  in  other  parts 
of  the  wire  these  effects  are  absent  and  the 
wire  length  is  approximately  that  of  an  equiva¬ 
lent  portion  of  the  wave  in  space.  The  formula 
for  the  length  of  a  long-wire  antenna  therefore 
is: 

492  (iY-0.05) 

Length  (feet)  = -  (1) 

Freq.  (Mc.) 

where  N  is  the  number  of  half-w aves  on  the 
antenna.  From  this  it  is  apparent  that  an 
antenna  cut  as  a  half-wave  for  a  given  fre- 
quency  will  be  slightly  off  resonance  at  exactly 
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twice  that  frequency  (on  the  second  harmonie) 
because  of  the  different  behavior  of  end  effects 
when  there  is  more  than  one  standing  wave  on 
the  antenna.  For  instance,  if  the  antenna  is 
cut  to  exact  fundamental  resonance  with  a 
given  crystal  frequency,  on  the  second  har¬ 
monie  (full-wave)  it  should  be  2.6%  longer, 
and  on  the  fourth  harmonie  (two-wave),  4% 


Fig.  2306  —  Current  distribution  and  feed  pointe  for 
long-wire  antennas.  A  3/2-wave  antenna  is  used  as  an 
illustration.  With  two-wire  feed,  the  line  may  be  con- 
nected  at  the  end  of  the  antenna  or  at  any  current  loop 
(not  at  a  current  node).  The  feeders  may  he  of  the 
resonant  type,  or  a  600-ohm  line  may  be  used  through  a 
quartcr-wave  matching  section.  The  "Q”  type  of  match- 
ing  section  also  may  he  used. 

longer.  The  effect  is  not  very  important  except 
for  a  slight  unbalance  in  the  feeder  System, 
which  may  result  in  some  radiation  from  the 
feeder  (see  Chapter  22). 

Feeding  Long  Wires 

In  a  long-wire  antenna  the  currents  in  ad- 
jacent  half- wave  sections  must  be  out  of  phase, 
as  shown  in  Fig.  2306.  The  feeder  system  must 
not  upset  this  phase  relationship.  This  require- 
ment  is  met  by  feeding  the  antenna  at  either 
end  or  at  any  current  loop.  A  two-wire  feeder 
cannot  be  inserted  at  a  current  node,  however, 
because  this  invariably  brings  the  currents  in 
two  adjacent  half-wave  sections  in  phase;  if  the 
phase  in  one  section  could  be  reversed  then  the 
currents  in  the  feeders  would  be  in  phase  and 
the  feeder  radiation  would  not  be  cancelled  out. 

Either  resonant  or  non-resonant  feeders  may 
be  used.  With  the  latter,  the  systems  employ- 
ing  a  matching  section  are  best.  The  non-reso¬ 
nant  line  may  be  tapped  on  the  matching  sec¬ 
tion  as  in  Fig.  2210,  Chapter  22,  or  a  “Q” 
type  section  (Fig.  2212,  Chapter  22)  may  be 
employed,  In  such  case,  Fig.  2307  gives  the 
required  surge  impedance  for  the  matching 
section.  It  can  also  be  calculated  from  Equa- 
tion  (4),  Chapter  22,  and  the  radiation  re- 
sistance  data  in  Fig.  2302. 

Methods  of  coupling  the  line  to  the  trans- 
mitter  are  the  same  as  described  in  Chapter  22 
for  the  particular  type  of  line  used. 


•  MULTI-BAND  OPERATION 

As  suggested  in  the  preceding  section,  the 
same  antenna  may  be  used  for  several  bands  by 
operating  it  on  harmonies  (as  a  long  wire) 
where  necessary.  When  this  is  done,  it  is  neces- 
sary  to  use  resonant  feeders,  sinee  the  im¬ 
pedance  matching  for  non-resonant  feeder 
operation  can  be  accomplished  only  at  one  fre¬ 
quency  unless  means  are  provided  for  changing 
the  length  of  a  matching  section  and  shifting 
the  point  at  which  the  feeder  is  attached  to  it. 
Obviously  a  matching  section  which  is  a  quar- 
ter-wavelength  long  on  one  frequency  will  be  a 
half-wavelength  long  on  twice  that  frequency, 
and  so  on,  and  it  is  equally  obvious  that  chang- 


TABLE  I 

Mueti-Band  Resonant-Line  Fed  Antennas 

Antenna 
Length  (ft.) 

Feeder 

Length 

(fi.) 

Band 

Type  of 
Tuning 

With  end  feed: 
243 

120 

1.75-Me.  ’phone 
4-Mc.  ’phone 
14  Mc. 

28  Mc. 

series 

parallel 

parallel 

parallel 

136 

67 

3.5-Mc.  c.w. 

7  Mc. 

14  Mc. 

28  Mc. 

series 

parallel 

parallel 

parallel 

134 

67 

3.5-Mc.  c.w. 

7  Mc. 

series 

parallel 

67 

33 

7  Mc. 

14  Mc. 

28  Mc. 

series 

parallel 

parallel 

With  center  feed: 
272 

135 

1.75  Mc. 

3.5  Mc. 

7  Mc. 

14  Mc. 

28  Mc. 

parallel 

parallel 

parallel 

parallel 

parallel 

137 

67 

3.5  Mc. 

7  Mc. 

14  Mc. 

28  Mc. 

parallel 

parallel 

parallel 

parallel 

67.5 

34 

7  Mc. 

14  Mc. 

28  Mc. 

parallel 

parallel 

parallel 

The  antenna  lengths  given  represent  compromiscs 
for  harmonie  operation  because  of  different  end 
effects  on  different  bands.  The  136-foot  end-fed 
antenna  ia  slightly  long  for  3.5  Mc.,  but  will  work 
well  in  the  region  (3500—3600  kc.)  which  quadruples 
into  the  14-Mc.  hand.  Bands  not  shown  are  not 
recoinmendcd  for  the  particular  antenna.  The  cen- 
ter-fed  systemB  are  less  critica!  as  to  length;  the 
272'foot  antenna  may,  for  inBtance,  he  used  for  hoth 
c.w.  and  ’phone  on  either  1.75  or  4  Mc.  without  loss 
of  efficiency. 

On  harmonies,  the  end-fed  and  center-fed  anten¬ 
nas  will  not  have  the  same  dircctional  characteris- 
tics,  as  explained  in  the  text. 
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ing  the  length  of  the  wireB,  even  by  switching, 

is  inconvenient. 

Also,  the  current  loops  shift  to  a  new  posi- 
tion  on  the  antenna  when  it  is  operated,  on 
harmonies,  further  complicating  the  feed  situa- 
tion.  It  is  for  this  reason  that  half-wave  an- 
tennas  center-fed  by  rubber-insulated  lines  are 
practically  useless  for  harmonie  operation;  on 
all  even  harmonies  there  is  a  voltage  maximum 
at  the  feed  point  and  the  impedance  mismatch 
is  so  bad  that  there  is  a  large  standing-wave 
ratio  and  consequently  high  losses  in  the 
rubber  dielectric. 

Any  of  the  antenna  arrangements  shown  in 
Fig.  2214,  Chapter  22,  may  be  used  for  multi- 
band  operation  by  making  the  antenna  a  half 
wave  long  at  the  lowest  frequency  to  be  used. 
The  feeders  should  be  a  quarter  wave,  or  some 
multiple  of  a  quarter  wave,  long  at  the  same 
frequency.  Typical  examples,  with  the  type  of 
tuning  to  be  used,  are  given  in  Table  I.  The 
figures  given  represent  a  compromise  to  give 
satisfactory  operation  on  all  the  bands  consid- 
ered,  taking  into  account  the  change  in  re- 
quired  length  as  the  order  of  the  harmonie 
goes  up. 

A  center-fed  half-wave  antenna  will  not 
operate  as  a  long  wire  on  harmonies  because  of 
the  phase  reversal  at  the  feeders  previously 
mentioned.  On  the  second  harmonie,  the  two 
antenna  sections  are  each  a  half  wave  long,  and 
since  the  currents  are  in  phase  the  directional 
characteristic  is  different  from  that  of  a  full- 
wave  antenna  even  though  the  overall  length 
is  the  same.  On  the  fourth  harmonie,  each  sec- 
tion  is  a  full  wave  long  and  again  because  of  the 
direction  of  current  flow  the  system  will  not 
operate  as  a  two-wave  antenna.  It  should  not 
be  assumed  that  these  systems  are  not  effec- 
tive  radiators  —  it  is  simply  that  the  direc¬ 
tional  characteristic  will  not  be  that  of  a  long- 
wire  ha  ving  the  same  overall  length.  Rather  it 
will  resemble  the  characteristic  of  one  side  of 


Fig.  2308  —  A  simple  antenna  system  for  five  ama¬ 
teur  bands.  The  antenna  is  voltage  fed  on  3.5,  7,  14  and 
28  Mc.,  working  on  the  fundamental,  second,  fourth  and 
eighth  harmonies,  respectively.  For  1.75  Mc.  the  system 
is  a  quarter-wave  grounded  antenna,  in  which  case 
series  tuning  must  be  used.  The  antenna  wire  should  be 
kept  well  in  the  clear  and  should  be  as  high  as  possible. 

If  the  length  of  the  antenna  is  approximately  260 
feet,  voltage  feed  can  be  used  on  all  five  bands. 


the  antenna,  although  this  is  not  exact.  The 
center-fed  antenna,  when  operated  on  har¬ 
monies,  will  radiate  equally  as  well  as  the 
end-fed. 

Antennas  with  a  few  other  types  of  feed  Sys¬ 
tems  may  be  operated  on  harmonies  for  the 
higher-frequency  bands,  although  their  per¬ 
formance  is  somewhat  impaired.  The  single- 
wire  fed  antenna  (Chapter  22)  may  be  used  in 
this  way;  the  feeder  and  antenna  will  not  be 
matched  exactly  on  harmonies  with  the  result 
that  standing  waves  will  appear  on  the  feeder, 
but  the  system  as  a  whole  will  radiate.  The 
same  is  true  of  the  delta-matched  antenna.  The 
“Q”  antenna  also  can  be  operated  on  har¬ 
monies,  but  the  line  cannot  operate  non- 


Fig.  2307  —  Required  surge  impedance  of 
quarter-wave  matching  sections  for  radiators 
of  various  lengths.  Curve  A  is  for  a  transmis- 
sion  line  impedance  of  440  ohms.  Curve  B  for 
470  obms.  Curve  C  for  580  ohms  and  Curve  D 
for  600  ohms. 
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Fig.  2309  —  Corrent  distribution  on 
antennas  too  short  for  the  fundamental 
frequency.  These  systems  may  be  used 
wben  space  for  a  full  half-wave  antenna 
is  not  available.  The  cnrrent  distribution 
on  the  second  harmonie  also  is  shown  to 
the  right  of  each  figure.  In  A  and  C,  the 
total  length  around  the  System  is  a  half* 
wavelength  at  the  fundamental  fre¬ 
quency. 


resonant  except  at  the  fundamental  frequency 
of  the  antenna.  For  harmonie  operation  the 
line  must  be  tuned  and,  therefore,  the  feeder 
length  is  important.  The  tuning  system  will 
depend  upon  the  number  of  quarter  waves  on 
the  line,  ineluding  the  “Q”  bars.  The  concen- 
tric-line  fed  antenna  may  be  used  on  har¬ 
monies  if  the  concentric  line  is  air-insulated. 
lts  operation  on  harmonies  is  similar  to  that  of 
the  “  Q.”  This  antenna  is  not  recommended  for 
multiband  operation  with  a  rubber-insulated 
line,  however. 

A  simple  antenna  system,  without  feeders, 
for  operation  in  five  bands  is  shown  in  Fig. 
2308.  On  all  bands  from  3.5  Mc.  upward  it 
operates  as  an  end-fed  antenna  —  half-wave 
on  3,5  Mc.,  long  wire  on  the  other  bands.  On 
1.75  Mc.  it  is  only  a  quarter-wave  in  length  and 
must  be  worked  against  ground,  which  in  effect 
replaces  the  missing  half  of  the  antenna.  Since 
on  this  band  it  is  fed  at  a  high-current  point, 
series  tuning  must  be  used. 

•  ANTENNAS  FOR  RESTRICTED  SPACE 

If  the  space  available  for  the  antenna  is  not 
large  enough  to  accommodate  the  length  neces- 
sary  for  a  half-wave  at  the  lowest  frequency  to 
be  used,  quite  satisfactory  operation  can  be 
secured  by  using  a  shorter  antenna  and  making 
up  the  missing  length  in  the  feeder  system. 
The  antenna  itself  may  be  as  short  as  a  quar¬ 
ter  wavelength  and  still  radiate  fairly  well, 
although  of  courseit  will  not  be  as  effec- 
tive  as  one  a  half-wave  long.  Never- 
theless  such  a  system  is  useful  where 
operation  on  the  desired  band  otherwise  would 
be  impossible. 

Resonant  feeders  are  a  practical  necessity 
with  such  an  antenna  system,  and  a  center -fed 
antenna  will  give  best  all-around  performance. 
With  end  f  eed  the  feeder  currents  become  badly 
unbalanced  and,  since  lengths  midway  be- 
tween  those  requiring  series  or  parallel  tuning 
ordinarily  must  be  used  to  bring  the  entire 
system  to  resonance,  coupling  to  the  trans- 
mitter  often  becomes  difficult. 

With  center  feed,  practically  any  convenient 
length  of  antenna  can  be  used  if  the  feeder 


TABLE  II 

Antenna  and  Feeder  Lengths  for  Short 
Multi-Band  Antennas,  Center-Fed 

Xnlenna 
Length  (ft). 

Feeder 

Length 

(ft.) 

Band 

Type  of 
Tuning 

137 

68 

1.75  Mc. 

3.5  Mc. 

7  Mc. 

14  Mc. 

28  Mc. 

series 

parallel 

parallel 

parallel 

parallel 

100 

38 

3.5  Mc. 

7  Mc. 

14  Mc. 

28  Mc. 

parallel 
series 
series 
series  or 
parallel 

67.5 

34 

3.5  Mc. 

7  Mc. 

14  Mc. 

28  Mc. 

series 

parallel 

parallel 

parallel 

50 

43 

7  Mc. 

14  Mc. 

28  Mc. 

parallel 

parallel 

parallel 

33 

51 

7  Mc. 

14  Mc. 

28  Mc. 

parallel 

parallel 

parallel 

33 

31 

7  Mc. 

14  Mc. 

28  Mc. 

parallel 

series 

parallel 

A - -  - -  A 


Fig.  2310  —  Practical  arrangement  of  a .  shortened 
antenna.  The  total  length  A  B-f-  B  +  A,  shbuld  be  a 
half-wavelength  for  the  lowest-frequency  hand,  usually 
3.5  Mc.  See  Table  II  for  lengths  and  tuning  data. 
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length  ia  adjusted  to  accommodate  at  least 
one  half-wave  around  the  whole  System. 
Typical  cases  are  shown  in  Fig.  2309,  one  for 
an  antenna  having  a  length  of  one-quarter 
wave  (A)  and  the  other  for  an  antenna  some- 
what  longer  ( C )  but  still  not  a  half-wave  long. 
Current  distribution  is  shown  for  both  funda- 
mental  and  second  harmonie.  From  the  points 
marked  X  resonant  feeders  any  appropriate 
number  of  quarter  waves  in  length  may  be 
extended  to  the  operating  room.  The  sum  of 
the  distances  on  each  wire  from  X  to  the  an¬ 
tenna  end  must  equal  a  half-wave.  It  is  suffi- 
ciently  accurate  to  use  Equation  (1)  Chapter 
21,  in  calculating  this  length.  Note  that  X-X 
is  a  high-current  point  on  these  shortened 
antennas,  corresponding  to  the  center  of  a 
half-wave  antenna.  It  is  also  apparent  that  the 
antenna  at  A  is  a  half-wave  antenna  on  the 
next  higher-frequency  band  (B). 

The  practical  antenna  can  be  made  as  in 
Fig.  2310.  Table  II  gives  a  few  recommended 
lengths.  Remembering  the  preceding  discus- 
sion,  however,  the  antenna  can  be  made  any 
convenient  length  provided  the  feeder  is  con- 
sidered  to  “begin”  at  X-X,  and  the  line  length 
adjusted  accordingly. 

Bent  Antennas 

Since  the  field  strength  at  a  distance  is 
proportional  to  the  current  in  the  antenna,  the 
high-current  part  of  a  half-wave  antenna  (the 


Fig.  2311 — Folded  arrangement  for  shortened  an. 
tennas.  The  total  length  is  a  half-wave,  not  ineluding 
the  feeders.  The  horizontal  part  is  made  as  long  as 
convenient  and  the  ends  dropped  down  to  make  up  the 
required  length.  The  ends  may  he  bent  back  on  them- 
selves  in  feeder  fashion  to  caneel  radiation  partially. 
The  horizontal  section  should  be  at  least  a  quarter-wave 
long. 

center  quarter-wave,  approximately)  does 
most  of  the  radiating.  Advantage  can  be  taken 
of  this  fact  when  the  space  available  does  not 
permit  erecting  an  antenna  a  half-wave  long. 
To  accomplish  it,  the  ends  may  be  bent,  either 
horizontally  or  vertically,  so  that  the  total 
length  equals  a  half  wave,  even  though  the 
straightaway  horizontal  length  may  be  as 
short  as  a  quarter  wave.  The  operation  is  illus- 
trated  in  Fig.  2311.  Such  an  antenna  will  be  a 
somewhat  better  radiator  than  the  arrange¬ 
ment  of  Fig.  2309-A  on  the  lowest  frequency, 
but  is  not  as  desirable  for  multi-band  operation 
because  the  ends  play  an  increasing  part  as  the 
frequency  is  raised.  The  performance  of  the 


System  in  such  a  case  is  difficuH  to  prcdict, 
especially  if  the  ends  are  vertical  (the  most 
convenient  arrangement)  because  of  the  com- 
bination  of  horizontal  and  vertical  polarization 
as  well  as  dissimilar  directional  characteristics. 

•  LONG-WIRE  DIRECTIVE  ANTENNAS 

Inspection  of  Fig.  2302  shows  that  as  a  wire 
is  made  long  there  is  a  considerable  increase 
in  the  effective  power  radiated  in  the  optimum 
direction  as  compared  to  a  half-wave  antenna 
in  its  most  favorable  direction.  This  comes 
about  because  of  the  higher  directivity  of  the 
long  wire,  and  is  just  as  advantageous  in 
increasing  the  signal  strength  at  a  distant  point 
as  an  actual  increase  in  transmitter  power 
would  be,  provided  the  receiving  station  is 
located  in  line  with  the  maximum  lobe  of  radi¬ 
ation  from  the  antenna. 

A  single  long  wire  makes  a  fair  directive 
antenna,  provided  its  length  is  4  wavelengths 
or  more,  and  shows  increasing  power  gain  and 
directivity  as  the  length  is  increased.  It  is, 
furthermore,  possible  to  combine  two  or  more 
long  wires  into  even  more  effective  directive 
Systems.  The  “V”  and  rhombic  antennas  are 
outstanding  examples  of  this  procedure. 

The  "V”  Antenna 

It  has  been  emphasized  in  connection  with 
long-wire  antennas  that  as  the  antenna  length 
is  increased  the  lobe  of  maximum  radiation 
makes  a  more  acute  angle  with  the  wire.  Two 
such  wires  may  be  combined  in  the  form  of  a 
horizontal  “V”  so  that  the  main  lobes  from 
each  wire  will  reinforce  along  a  line  bisecting 
the  angle  between  the  wires.  This  increases 
both  gain  and  directivity,  since  the  lobes  in 
directions  other  than  along  the  bisector  cancel 
to  a  greater  or  lesser  extent.  The  horizontal 
“V”  antenna  therefore  transmits  best  in 
either  direction  (is  bi-directional)  along  the 
line  bisecting  the  “V”  made  by  the  two  wires. 
The  power  gain  depends  upon  the  length  of 
the  wires.  Provided  the  necessary  space  is 
available,  the  “V”  is  a  simple  antenna  to 
build  and  operate,  and  can  be  used  readily 
on  harmonies  so  that  it  is  suitable  for  multi- 
band  work.  The  “V”  antenna  is  shown  in 
Fig.  2312. 


B 


Fig.  2312  —  The  "V"  antenna.  Tbc  "V”  is  made  by 
combining  two  long  wires  in  sueh  a  way  that  each  rein- 
forees  the  other’s  radiation.  The  important  qnantities 
are  the  length  of  eaeh  leg  and  the  angle  between  legs. 
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Fig.  2313  —  Design  chart  for  horizontal  rfV”  antennas. 
Enclosed  angle  between  wires  versus  length  of  sides. 


Fig.  2313  shows  the  dimensions  that 
should  be  followed  for  au  optimum  design  to 
obtain  maximum  power  gain  for  different- 
sized  “  V”  antennas.  The  longer-type  systems 
give  good  performance  on  multi-band  opera- 
tion.  Angle  a  is  approximately  equal  to  twice 
the  angle  of  maximum  radiation  for  a  single 
wire  equal  in  length  to  one  side  of  the  “V.” 

The  “V”  can  be  made  unidirectional 
through  eliminating  the  rear  pattern  by  the 
use  of  another  “V”  one-quarter  wave  to  the 
rear  to  act  as  a  reflector.  This  is  quite  cumber- 
some  for  amateur  practice  and  restricts  correct 
operation  to  a  single  frequency  band.  The 
“V”  usually  is  operated  as  a  bi-directional 
antenna. 

The  wave  angle  referred  to  in  Fig.  2313  is  the 
vertical  angle  of  maximum  radiation.  Tilting 
the  whole  horizontal  plane  of  the 
“V”  will  tend  to  increase  the  low- 
angle  radiation  off  the  low  end  and 
decrease  it  off  the  high  end. 

The  gain  increases  with  the  length 
of  the  wires,  but  is  not  exactly  twice 
the  gain  for  a  single  long  wire  as 
given  in  Fig.  2302.  In  the  longer 
lengths,  the  gain  will  be  somewhat 
increased  because  of  mutual  cou- 
pling  between  the  wires.  A  “  V”  eight 
wavelengths  on  a  leg,  for  instance, 
will  have  a  gain  of  about  12  db  over 
a  half-wave  antenna,  whereas  twice 
the  gain  of  a  single  8-wavelength 
wire  would  be  approximately  9  db. 

The  two  wires  of  the  “V”  must  be 
fed  out  of  phase  for  correct  opera- 
tion.  A  resonant  line  may  simply  be 
attached  to  the  ends  as  shown  in 


Long  Wire  Antennas 

Fig.  2312.  Alternatively,  a  quarter-wave 
matching  section  may  be  employed  and 
the  antenna  fed  through  a  non-resonant 
line.  If  the  antenna  wires  are  made  multi- 
ples  of  a  half-wave  in  length  (use  Equation 
(1)  for  computing  the  length)  the  match¬ 
ing  section  will  be  closed  at  the  free  end. 

The  Rhombic  Antenna 

The  horizontal  rhombic  or  “diamond” 
antenna  is  shown  in  Fig.  2314.  Like  the 
“V,”  it  requires  a  good  deal  of  space  for 
erection,  but  it  is  capable  of  giving  excel¬ 
lent  gain  and  directivity.  It  can  also  be 
used  for  multi-band  operation.  In  the  ter- 
minated  form  shown  in  Fig.  2314  it  oper- 
ates,  like  a  non-resonant  transmission  line, 
without  standing  waves,  and  is  uni-direc- 
tional.  It  may  also  be  used  without  the 
ro 8(n-)  terminating  resistor,  in  which  case  there 
ZZZZTlZZt hoiïmKi"ytt,  are  standing  waves  on  the  wires  and  the 
antenna  is  bi-directional. 

The  important  quantities  influencing  the 
design  of  the  rhombic  antenna  are  shown  in 
Fig.  2314.  While  several  design  methods  may 
be  used,  the  one  most  applicable  to  the  condi- 
tions  existing  in  amateur  work  is  the  so-called 
“compromise”  method.  The  charts  of  Figs. 
2315  and  2316  give  design  information  when 
two  of  the  quantities  are  assumed.  The  exam- 
ples  given  illustrate  the  practical  use  of  the 
charts. 

For  multi-band  work,  it  is  satisfactory  to 
design  the  rhombic  antenna  on  the  basis  of 
14-Mc.  operation,  which  will  permit  work  on 
the  7-  and  28- Mc.  bands  as  well. 

Fig.  2315  is  based  on  an  original  given  prem- 
ise  of  length  and  height  from  which  is  deter- 
mined  the  proper  angle  of  tilt  and  correspond- 
ing  wave  angle  for  maximum  output.  This 
chart  is  based  upon  an  effective  height  of 
wavelength,  which  represents  a  practical  value 


0  -  ANGLE  OT  TILT  (DEGREES) 
A  =  WAVE  ANGLE  (DEGREES) 


L=  LENGTH  OF  OME  SIDE  (WAVELENGTHS) 
HEIGHT  (WAVELENGTHS) 


Fig.  2314 — The  horizontal  rhombic  —  or  diamond  antenna, 
terminated. 


CHAPTER  TWENTY-THREE 


345 


The  Radio  Amateur’s  Handbook 


Fig.  2315  —  Design  chart  for  rhotnbic  antennas  with  fixcd  beight  (one-half 
wavelength).  The  following  examplc  illustrates  the  use  of  the  Chart: 

Given:  Height  =  l/ï  wavelength. 

A  vailable  iength  of  one  leg  =  3.5  wavelengths. 

To  Find: 

Angle  of  Tilt  ($■). 

Wave  Angle  (A). 

Method: 

Place  straight  edge  on  curve  ”L”  at  3.5  wavelengths  (point  y)  and  draw  line 
XYZ.  Read  angle  ♦  from  intersection  at  point  X  (right  hand  ordinate) 
and  angle  A  at  point  Z  (intersection  of  abscissa). 

Result: 


H  =  Yi  wavelength  \  . 

L  =  3.5  wavelengths  ;  ®lven' 
Tilt  angle  $  = 

69  degrees  from 

Wave  angle  A  «*  curves. 

21  degrees 


Fig.  2316  —  Compromise 
method  design  chart  for  various 
leg  Iengths  and  wave  angles.  The 
following  examples  ülustrate  the 
use  of  the  Chart: 

(1)  Given:  Length  (L)  ”  2  wave¬ 
lengths. 

Desired  wave  angle 
(A)  -  20°. 

To  Find:  H,  *. 


Method: 

Draw  vertical  line  through  point  "a”  (L  =  2  wave¬ 
lengths)  and  point  "h”  on  abscissa  (A  =  20°.) 
Read  angle  of  tilt  (4>)  for  point  "a”  and  beight 
(H)  from  intersection  of  line  ah  at  point  "c” 
on  curve  H. 

Result: 

*  =  60.5°. 

H  =  0.73  wavelength. 

(2)  Given: 

Length  (L)  =  3  wavelengths. 

Angle  of  tilt  (*)  =  78°. 


To  Find:  11.  A. 

Method: 

Draw  vertical  line  from  point  "d”  on  curve 
L  =  3  wavelengths  at  4>  =  78°.  Read  intersec¬ 
tion  of  this  line  on  curve  H  (point  "e”)  and 
intersection  at  point  "f”  on  the  ahscissa  for 
A. 

Result: 

H  =  0.56  wavelength. 

A  =  26.6°. 
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for  most  amateurs.  For  any  different  height 
other  than  the  one  ahown  the  curve  may  be 
plotted  from  the  expression: 

H  X 

tan  (2 rH  sin  A)  2ir  sin  A 
X~ 

l  sin  A 

tan  (rl  sin5  A) 

~X~ 

The  solution  of  this  equation  for  1  in  terms  of 
wavelength  (X)  may  be  obtained  by  the  trial 
and  error  method. 

Fig.  2316  is  based  upon  a  premise  of  a  given 
length  and  wave  angle  to  determine  the  re- 
maining  optimum  dimensions  for  best  opera- 
tion.  Curves  for  values  of  length  of  2,  3  and  4 
wavelengths  are  shown,  and  additional  curves 
for  any  length  may  be  similarly  plotted  from 
the  relationship: 

l  -  0.371  X 

sin  <(>  - - 

l  cos  A 

With  all  other  dimensions  correct,  an  increase 
in  length  causes  an  increase  in  power  gain  and 
a  slight  reduction  in  wave  angle.  An  increase 
in  height  also  causes  a  reduction  in  wave  angle 
and  an  increase  in  power  gain  but  not  to  the 
same  extent  as  a  proportionate  increase  in 
length. 

A  value  of  800  ohms  is  correct  for  the  termi- 
nating  resistor  for  any  properly  constructed 
rhombic,  and  the  system  behaves  as  a  pure  re- 
sistive  load  under  this  condition.  This  termi- 


nating  resistor  must  be  capable  of  safely 
dissipating  one-half  the  power  output  (to 
eliminate  the  rear  pattern)  and  should  be  ab- 
solutely  non-inductive.  Such  a  resistor  may  be 
made  up  from  a  carbon  or  graphite  rod  or 
from  a  long  800-ohm  transmission  line  using 
resistance  wire.  If  the  carbon  rod  or  a  similar 
form  of  lumped  resistance  is  used  the  device 
should  be  suitably  protected  from  weather 
effects,  i.e.,  covered  with  good  asphaltic  com- 
pound  and  sealed  in  a  small  light-weight  box 
or  fibre  tube.  Suitable  resistors  also  are  avail- 
able  commercially. 

For  feeding  the  antenna,  the  antenna  im- 
pedance  will  be  matched  by  an  800-ohm  line, 
which  may  be  constructed  from  No.  16  A.  W.G. 
wire  spaced  20  inches  or  from  No.  18  A.W.G. 
wire  spaced  16  inches.  The  800-ohm  line  is 
somewhat  ungainly  to  install,  however,  and 
may  be  replaced  by  an  ordinary  600-ohm  line 
with  only  a  negligible  mismatch. 

Alternatively,  a  matching  section  may  be 
installed  between  the  antenna  terminals  and 
a  low-impedance  line.  However,  when  such  an 
arrangement  is  used  it  will  be  necessary  to 
change  the  network  constants  for  each  differ¬ 
ent  band  of  operation. 

The  same  design  details  apply  to  the  unter- 
minated  rhombic  as  to  the  terminated  type. 
Resonant  feeders  are  preferable  for  the  un- 
terminated  rhombic.  A  non-resonant  line  may 
be  used  by  incorporating  a  matching  section 
at  the  antenna,  but  is  not  readily  adaptable 
to  multi-band  work. 

Rhombic  antennas  will  give  a  power  gain  of 
10  db  or  more  when  constructed  according  to 
the  charts  given.  In  general,  the  larger  the 
antenna  the  greater  the  power  gain. 
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and  Adjustment 


Ïor  long-distance  transmission  it  is  often 
advantageous  to  arrange  the  antenna  so  that 
the  radiation  is  concentrated  in  a  desired  di- 
rection.  With  a  simple  antenna,  the  same  in- 
crease  in  field  strength  would  require  much 
more  power,  so  that  it  is  customary  to  measure 
the  efiectiveness  of  a  directive  antenna  in 
terms  of  the  power  increase  that  would  be 
needed  to  give  the  same  field  strength,  using  a 
half-wave  antenna  as  the  Standard  of  compari- 
son.  The  same  polarization  is  assumed.  The 
power  gain  so  obtained  may  range  from 
slightly  over  1  for  simple  Systems  to  as  much  as 
30  or  40  for  the  most  elaborate  ones. 

The  increased  signal  strength  in  the  desired 
direction  is  obtained  at  the  expense  of  radia¬ 
tion  in  other  directions.  At  the  higher  fre- 
quencies,  energy  may  be  taken  from  the  higher 
vertical  angles  and  used  to  reinforce  the  exist- 
ing  low-angle  radiation  without  affecting 
greatly  the  horizontal  directivity.  In  general, 
however,  an  increase  in  output  in  one  hori¬ 
zontal  direction  is  accompanied  by  a  decrease 
in  some  other  horizontal  direction,  so  that  the 


ods  of  arranging  the  elements.  If  they  are 
strung  end  to  end  so  that  all  lie  on  the  same 
straight  line,  the  elements  are  said  to  be  collin- 
ear.  If  they  are  parallel  and  all  lying  in  the 
same  plane,  the  elements  are  said  to  be  broad¬ 
side  when  the  phase  of  the  current  is  the  same 
in  all,  and  end-fire  when  the  currents  are  not 
in  phase.  A  combinationof  elements  is  called  an 
array.  Elements  which  receive  power  from  the 
transmitter  through  the  transmission  line  are 
called  driven  elements,  while  those  which  are 
excited  solely  by  coupling  because  of  the  prox- 
imity  of  a  driven  element  are  said  to  be  par¬ 
asitic  elements.  Both  driven  and  parasitic  ele¬ 
ments  may  be  combined  in  multi-element  arrays. 

The  power  gain  of  a  directive  system  de- 
pends  upon  the  sharpness  of  the  solid  directive 
pattern,  and  increases  as  the  number  of  ele¬ 
ments  is  made  larger.  The  proportionality 
between  gain  and  number  of  elements  is  not 
simple,  however,  but  depends  upon  the  effect 
of  the  spacing  and  phasing  upon  the  radiation 
resistance  of  the  elements  as  well  as  upon  their 
number. 


user  of  a  directive  antenna  must  be  pre- 
pared  to  accept  an  area  of  restricted  effec- 
tiveness.  This  is  particularly  true  as  the 
antenna  gain  is  made  higher. 

The  “V”  and  rhombic  antennas  de- 
scribed  in  the  preceding  chapter  will, 
when  made  large,  give  greater  gain  and 
directivity  than  the  multi-element  types 
described  in  this  chapter,  using  a  reason- 
able  number  of  half-wave  elements. 
Furthermore,  their  operation  is  not  re¬ 
stricted  to  one  band,  as  is  the  case  with 
most  multi-element  types.  However, 
when  space  is  restricted,  the  multi- 
element  antennas  will  give  more  “gain 
per  ground  area”  than  small  “V”  and 
rhombic  antennas. 

A  multi-element  antenna  consists  of  a 
number  of  half-wave  antennas  (each 
called  an  “element”)  so  arranged  in 
space  with  respect  to  each  other,  and 
with  the  r.f.  currents  in  the  elements 
so  phased,  that  the  individual  radiations 
from  them  add  in  certain  directions  and 
oppose  in  others.  There  are  several  meth- 


Fig.  2401  —  Collinear  half-wave  antennas  in  phase.  The  Sys¬ 
tem  at  A  is  generally  known  as  "two  -half-waves  in  phase.”  S 
is  an  extengion  of  the  system;  in  theory  it  may  be  carried  on 
indefinitely,  but  practical  considerations  usually  limit  the  num¬ 
ber  of  elements  to  four.  Gain  iigures  are  tabulated  in  Table  I. 

Resonant  feeders  may  be  connected  to  the  ends  of  any  of 
the  quarter-wave  phasing  sections  indicated  (the  shorting  bar  of 
course  must  be  removed  from  tbe  one  used).  Alternatively  a 
two-wire  line  may  be  matched  to  one  of  the  stubs,  using  it  as  a 
matching  transformer  (Chapter  22).  Any  antenna  element  atso 
may  be  center-fcd  through  any  of  the  ordinary  metbods  which 
permit  matching,  in  the  case  of  a  non -resonant  line,  or  through  a 
resonant  line.  Twisted  pair  and  concentric  feeders  are  dot 
recommended  for  this  purpose  because  the  antenna  impedance 
is  not  the  same  as  when  a  half-wave  antenna  is  used  singly. 
Generally  speaking,  it  is  preferable  to  feed  a  multi-element 
antenna  near  the  center  of  tbe  system  in  order  to  makc  tbe 
power  distribution  to  the  elements  as  uniform  as  possible. 


348  CHAPTER  TWENTY-FOUR 


Multi-Element  Direetive  Systems 


A  direetive  antenna  is  equally  as  effective  for 
receiving  as  for  transmitting.  Such  an  antenna 
should  always  be  used  for  both  purposes  if  its 
full  benefits  are  to  be  realized. 

Collinear  Arrays 

Simple  forms  of  collinear  arrays,  with  the 
current  distribution,  are  shown  in  Fig.  2401. 
The  two-element  array  at  A  is  popularly  known 
as  “two  half-waves  in  phase.”  It  will  be  recog- 
nized  as  simply  a  center-fed  antenna  operated 
at  its  seeond  harmonie.  The  way  in  which  the 
number  of  elements  may  be  extended  for  in- 
creased  directivity  and  gain  is  shown  in  Fig. 
2401-B.  Note  that  quarter-wave  transmission 
lines  are  used  between  each  element;  these  give 
the  reversal  in  phase  necessary  to  make  the 
currents  in  individual  antenna  elements  all 
flow  in  the  same  direction  at  the  same  instant. 
Another  way  of  looking  at  it  is  to  consider  that 
the  whole  system  is  a  long  wire  with  alternate 
half-wave  sections  folded  so  that  they  do  not 
radiate.  Any  phase-reversing  section  may  be 
used  as  a  quarter-wave  matching  section  for 
attaching  a  non-resonant  feeder.  A  resonant 
transmission  line  may  be  substituted  for  any  of 
the  quarter-wave  sections,  of  course.  Also,  the 
antenna  may  be  end-fed  by  any  of  the  Systems 
previously  described,  or  any  element  may  be 
center-fed.  It  is  best  to  feed  as  near  the  center 
of  the  array  as  possible  so  that  the  energy  will 
be  distributed  as  uniformly  as  possible  among 
the  elements. 

The  gain  and  directivity  depend  upon  the 
number  of  elements  and  their  spacing,  center- 
to-center.  This  is  shown  by  Table  I.  Although 
%-wave  spacing  gives  greater  gain,  it  is  diffi- 
cult  to  construct  a  suitable  phase-reversing 
system  when  the  ends  of  the  antenna  elements 
are  widely  separated.  For  this  reason  the  half- 
wave  spacing  is  generally  used. 

Collinear  arrays  may  be  mounted  either 
horizontally  or  vertically.  Horizontal  mount- 
ing  gives  horizontal  directivity,  with  vertical 
directivity  the  same  as  for  a  single  element  at 
the  same  height.  Vertical  mounting  gives  the 
same  horizontal  pattern  as  a  single  element, 
but  concentrates  the  radiation  at  low  angles.  It 


TABLE I 

Theoretical  Gain  of  Collinear  Half-Wave 
Antennas 

Spacing  Between 
Centers  of  Adjacent 
Half  Waves 

Number  of  Half  Waves 
in  Array  vs.  Gain  in  db 

2 

3 

3 

5 

6 

H  Wave 

V  Wave 

1.8 

3.2 

3.3 

4.8 

4.5 

6.0 

5.3 

7.0 

6.2 

7.8 

TABLE  II 


Theoretical  Gain  of  Two  Half-Wave  Antennas 
at  Different  Spacings 


180°  Out  of  Phase 
( End  Fire) 

In  Phase 
( Broadside ) 

Separation  in 

r„;„ 

Separation  in 

r„.„ 

Fractions  of  a 
Wavelength 

in  db 

Fractions  of  a 
Wavelength 

in  db 

Vs 

4.3 

Vs 

4.8 

Ho 

4.1 

U 

4.6 

Y. 

3.8 

H 

4.0 

Vs 

3.0 

Vs 

2.4 

H 

2.2 

H 

1.0 

Vs 

1.7 

Ys 

0.3 

is  seldom  possible  to  use  more  than  two  ele¬ 
ments  vertically,  however,  even  at  14  Mc., 
because  of  the  height  required. 

Broadside  Arrays 

Parallel  antenna  elements  with  currents  in 
phase  may  be  combined  as  shown  in  Fig.  2402 
to  form  a  broadside  array,  so  named  because 
the  direction  of  maximum  radiation  is  broad¬ 
side  to  the  plane  containing  the  antennas. 
Again  the  gain  and  directivity  depend  upon  the 
number  of  elements  and  the  spacing,  the  gain 
for  different  spacings  being  shown  in  the  right- 
hand  section  of  Table  II.  Half-wave  spacing  is 
generally  used,  since  it  simplifies  the  feeding 
problem  when  the  array  has  more  than  two 
elements. 

Broadside  arrays  may  be  suspended  either 
horizontally  or  vertically.  In  the  former  case 
the  horizontal  pattern  is  quite  sharp  while  the 
vertical  pattern  is  that  of  one  element  alone.  If 
the  array  is  suspended  horizontally  the  horizon- 


Fig.  2402  —  The  broadside  array  using  half-wave 
elements.  Arrows  indicate  direction  of  current  flow.  The 
transposition  in  feeders  is  necessary  to  bring  the  an¬ 
tenna  currents  in  phase.  Any  reasonable  number  of 
elements  may  be  used.  The  array  is  bi-directional 
perpendicular  to  the  plane  of  the  antenna;  i.e.,  per- 
pendicularly  through  this  page. 

Resonant  feeders  or  quarter-wave  matching  sections 
may  be  bridged  across  the  line  at  any  antenna  junction. 
If  the  transmission  line  is  connected  to  the  phasing  line 
at  a  point  midway  between  two  antennas,  the  phasing 
line  in  that  section  should  not  be  transposed.  Feed  near 
the  center  of  the  system  is  preferable  in  order  to  dis- 
tribute  the  power  as  evenly  as  possible  among  the  an¬ 
tennas. 

See  Table  II  for  gain  data. 
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tal  pattern  is  that  of  one  element  while  the 

vertical  pattern  is  sharp,  giving  low-angle 

radiation.  The  height  required  limits  the  num- 
ber  of  elements  which  can  be  suspended  hori- 
zontally,  so  that  more  than  two  seldom  are  used. 

Broadside  arrays  may  be  fed  either  by  reso- 
nant  transmission  lines  or  by  the  use  of  quar- 
ter-wave  matching  sections  and  non-resonant 
line8.  In  Fig.  2402,  note  the  “Crossing  over”  of 
the  feeder,  necessary  to  bring  the  elements  in 
proper  phase  relationship. 

Combined  Broadside  and  Collinear  Arrays 
Broadside  and  collinear  arrays  may  be  com¬ 
bined  to  give  both  horizontal  and  vertical  di- 


- 


Fig.  2403  —  Comhination  broadside  and  collinear 
arrays.  A,  with  vertical  elements;  B,  with  horizontal 
elements.  Both  arrays  give  low-anglc  radiation.  Two  or 
more  sections  may  be  used.  See  Fig.  2402  for  rcmarks 
on  feeding  and  directivity.  The  transmission -line  con- 
nection  in  B  illustrates  the  use  of  a  non-transposed 
phasing  line  when  the  conncction  is  midway  between 
antenna  elements. 

The  gain  in  dh  will  he  equal,  approximately,  to  the 
som  of  the  gain  for  one  set  of  broadside  elements 
(Tahle  III)  plus  the  gain  of  one  set  of  collinear  clements 
(Table  I).  For  example,  in  A  each  broadside  set  has 
four  elements  (gain  7  db)  and  each  collinear  set  two 
elements  (gain  1.8  dh)  giving  a  total  gain  of  8.8  dh. 
In  B  each  broadside  set  has  two  elements  (gain  4  dh) 
and  each  collinear  set  tbree  elements  (gain  3.3  dh) 
making  the  total  gain  7.3  dh.  The  result  is  not  strictly 
accurate  because  of  mutual  coupling  between  elements, 
but  is  good  enough  for  practical  purposes. 

rectivity,  as  well  as  additional  gain.  The  gen- 
eral  plan  of  constructing  such  antennas  is 
shown  in  Fig.  2403.  The  lower  angle  of  radia¬ 
tion  resulting  from  “stacking”  elements  in  the 
vertical  plane  is  desirable  at  the  higher  fre- 
quencies.  In  general,  doubling  the  number  of 
elements  in  an  array  by  stacking  will  raise  the 
gain  2  to  4  db,  depending  upon  whether  ver¬ 
tical  or  horizontal  elements  are  used. 

The  arrays  in  Fig.  2403  are  shown  fed  from 
one  end,  but  this  is  not  especially  desirable  in 
the  case  of  large  arrays.  Better  distribution  of 
energy  between  elements,  and  hence  a  better 
all-around  performance,  will  result  when  the 


Fig.  2404  —  This  four-elemeut  combination  broad- 
side-collinear  array  is  popularly  known  as  the  "lazy  H” 
antenna.  A  closed  quarter-wave  stub  may  be  used  at 
the  feed  point  to  match  into  a  600-ohm  line,  or  resonant 
feeders  may  be  attached  at  the  point  shown.  The  gain 
over  a  half-wave  antenna  is  5  to  6  db. 

feeders  are  attached  as  nearly  as  possible  to  the 
center  of  the  array.  Thus  in  the  8-element  array 
at  A  the  feeders  could  be  introduced  at  the 
middle  of  the  transmission  line  between  the 
second  and  third  set  of  elements,  in  which  case 
the  connecting  line  would  not  be  transposed, 
Or  the  antenna  could  be  constructed  with  the 
transpositions  as  shown  and  the  feeder  con- 
nected  between  the  adjacent  ends  of  either  the 
second  or  third  pair  of  collinear  elements. 

A  four  element  array  of  the  general  type 
shown  at  B  is  frequently  used,  and  is  currently 
known  as  the  “Lazy  H”  antenna.  It  is  shown, 
with  the  feed  point  indicated,  in  Fig.  2404. 

End-Fire  Arrays 

Fig.  2405  shows  a  pair  of  parallel  half-wave 
elements  with  currents  out  of  phase.  This  is 
known  as  an  end-fire  array  because  it  radiates 
best  along  the  line  of  the  antennas,  as  shown. 

The  end-fire  array  may  be  used  vertically  or 
horizontally,  and  is  well  adapted  to  amateur 
work  because  it  gives  maximum  gain  with  rela- 
tively  close  element  spacing.  Table  II  shows 
how  the  gain  varies  with  spacing.  End-fire 
elements  may  be  combined  with  additional 
collinear  and  broadside  elements  further  to 
increase  the  gain  and  directivity. 

Either  resonant  or  non-resonant  lines  may  be 
used  with  this  type  of  array,  the  latter  being 
preferably  matched  to  the  antenna  through  a 
quarter-wave  resonant  line. 


TABLE  III 

Theoretical  Gain  vs.  Number  of  Broadside 

Elements  Half-Wave  Spacing 

No.  of  Elements 

Gain 

2 

4  dh 

3 

5.5  db 

4 

7  db 

5 

8  dh 

6 

9  db 
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Checking  Phasing 

Figs.  2403  and  2405  illustrate  a  point  in 
connection  with  feeding  a  phased  antenna  Sys¬ 
tem  which  sometimes  is  confusing.  Taking 
Fig.  2405  as  an  example,  when  the  transmis- 
sion  line  is  connected  as  at  A  there  is  no  cross- 
over  in  the  line  connecting  the  two  antennas, 
but  when  the  transmission  line  is  connected  to 
the  center  of  the  connecting  line  the  cross- 
over  becomes  necessary  ( B ).  This  is  because 
in  B  the  two  halves  of  the  connecting  line  are 


Fig.  2405  —  End-fire  arrays.  They  are  sbown  with 
half- ware  spacing  to  illustrate  feeder  connections.  In 
practice,  closer  spacings  are  deairable,  as  shown  by 
Table  II.  Direction  of  maximum  radiation  is  sbown  by 
the  large  arrows.  End-fire  arrangements  are  sbown  in 
Fig.  2406  at  A,  B,  and  C. 

simply  branches  of  the  same  line.  In  other 
words,  even  though  the  connecting  line  in  B 
is  a  half-wave  in  length,  it  is  not  actually  a 
half-wave  line  but  two  quarter-wave  lines  in 
parallel.  The  same  thing  is  true  of  the  un- 
transposed  line  of  Fig.  2403-B.  Note  that  under 
these  conditions  the  antenna  elements  are  in 
phase  when  the  line  is  not  transposed,  and 
out  of  phase  when  the  transposition  is  made. 
The  opposite  is  the  case  when  the  half-wave 
line  simply  joins  two  antenna  elements,  and 
does  not  have  the  feed  line  connected  to  its 
center. 

Adjustment  of  Driven  Arrays 

With  arrays  of  the  types  just  described, 
using  half-wave  spacing  between  elements,  it 
will  usually  suffice  to  make  the  length  of  each 
element  that  given  by  the  equation  for  a  half- 
wave  antenna  in  Chapter  21,  while  the  half- 
wave  phasing  lines  between  parallel  elements 
can  be  calculated  from  the  formula 

Length  of  half —  492  X  0.975  480 

wave  line  (feet)  =  Freq.  (Mc.)  =  Freq.  (Mc.) 

The  spacing  between  elements  can  be  made 
equal  to  the  length  of  the  phasing  line.  No 
special  adjustments  are  needed  provided  the 
formulas  are  folio  wed  carefully. 

With  collinear  arrays  of  the  type  shown  in 
Fig.  2401-B,  the  same  formula  may  be  used 
for  the  element  length,  while  the  quarter-wave 


phasing  section  can  be  calculated  from  Equa¬ 
tion  (3),  Chapter  22.  If  the  array  is  fed  at  its 
center  it  will  not  be  necessary  to  make  any 
particular  adjustments,  although  if  desired  the 
whole  system  may  be  resonated  by  connecting 
an  r.f.  ammeter  in  the  shorting  link  on  each 
phasing  section  and  moving  the  link  back  and 
forth  to  find  the  maximum  current  position. 
This  refinement  is  hardly  necessary  in  prac¬ 
tice  so  long  as  all  elements  are  the  same  length 
and  the  system  is  symmetrical. 

Practical  Phased  Systems 

Several  simple  directive  antenna  systems 
based  on  the  principles  described  are  in  rather 
wide  use  among  amateurs.  They  are  shown  in 
Fig.  2406.  Tuned  feeders  are  assumed  in  all 
cases;  however,  a  matching  section  readily 
can  be  substituted  if  a  non-resonant  transmis¬ 
sion  line  is  preferred.  Dimensions  given  are  in^ 
terms  of  wavelength;  actual  lengths  readily 
can  be  calculated  from  Equation  (1)  Chapter 

21,  for  the  antenna  and  Equation  (3),  Chapter 

22,  for  the  resonant  transmission  line  or  match¬ 
ing  section.  Remember  that,  in  cases  where  the 
transmission  line  proper  connects  to  the  mid- 
point  of  a  phasing  line,  only  half  the  length  of 
the  latter  is  added  to  the  line  to  find  the 
quarter-wave  point. 

At  A  and  B  are  two-element  end-fire  arrange¬ 
ments  using  close  spacing.  They  are  electrically 
equivalent;  the  only  difference  is  in  the  method 
of  connecting  the  feeders.  B  may  also  be  used 
as  a  four-element  array  on  the  second  har¬ 
monie,  although  the  spacing  is  not  optimum 
in  that  case;  however,  it  is  a  useful  two-band 
directive  antenna.  A  close-spaced  four-element 
array  is  shown  at  C.  It  will  give  about  2  db 
more  gain  than  the  two-element  array.  The 
antenna  at  D  is  designed  to  take  advantage  of 
the  greater  gain  possible  with  collinear  anten¬ 
nas  having  greater  than  half-wave  center-to- 
center  spacing,  but  without  introducing  feed 
complications.  The  elements  are  made  longer 
than  a  half  wave  to  bring  this  about.  The  gain 
is  3  db  over  a  single  half-wave  antenna,  and  the 
broadside  directivity  is  quite  sharp. 

The  antennas  of  A  and  B  may  be  mounted 
either  horizontally  or  vertically;  horizontal 
suspension  (with  the  two  elements  in  a  plane 
parallel  to  the  ground)  is  recommended,  since 
this  tends  to  give  low-angle  radiation  without 
an  unduly  sharp  horizontal  pattern.  Thus  these 
systems  are  useful  for  coverage  over  a  wide 
horizontal  angle.  The  system  at  C  also  should 
be  mounted  horizontally.  It  will  have  a  sharper 
horizontal  pattern  than  the  two-element 
arrays. 

Parasitic  Antennas 

All  the  preceding  systems  are  bi-directional; 
that  is,  they  will  radiate  both  to  the  "front” 
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and  the  “back”  of  the  antenna  System.  If 
radiation  is  wanted  in  only  one  direction  (for 
instance,  north  only,  instead  of  north-south) 
it  is  necessary  to  use  different  element  arrange- 
ments.  In  most  of  these  the  additional  elements 
receive  power  by  induction  or  radiation  from 
the  antenna  and  reradiate  it  in  the  proper 
phase  relationship  to  achieve  the  desired  ef¬ 
fect.  They  are  called  parasitic  elements,  as 
contrasted  to  driven  elements  which  receive 
power  directly  from  the  transmitter  through 
the  transmission  line. 

The  parasitic  element  is  called  a  director 
when  it  reinforces  radiation  on  a  line  pointing 
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Fig.  2406  —  Simple  direetive  Systems.  A,  two-element 
end-fire  array;  B,  same  with  center  feed,  which  permits 
use  of  the  array  on  the  seeond  harmonie,  where  it  he- 
comes  a  four-element  array  with  quarter-wave  spaeing. 
C,  four-element  end-fire  array  with  J^-wave  spaeing.  D, 
extended  in-phase  antennas  ("extended  double-Zepp”). 
The  gain  of  A  and  B  is  sliglitly  over  4  db  (Table  II).  On 
the  seeond  harmonie,  B  will  give  about  5  db  gain.  With 
C,  the  gain  is  approximately  6  db,  and  with  D,  approxi- 
mately  3  db. 

In  the  first  three,  the  phasing  line  contributes  about 
%th  wavelength  to  the  transmission  line;  when  B 
is  used  on  the  seeond  harmonie  this  contribution  is  }/% 
wavelength.  Alternatively,  the  antenna  ends  may 
be  bent  to  meet  the  transmission  line,  in  whieh  ease 
eaeh  feeder  is  simply  connected  to  one  antenna.  In 
B  and  C  the  construetion  is  the  same  as  shown,  but 
eaeh  antenna  element  would  be  üth  wavelength 
shorter.  In  D,  points  Y-Y  indicate  a  quarter-wave 
point  (high  current)  and  X-X  a  half -wave  point  (high 
voltage).  The  line  may  be  extended  in  multiples  of 
quarter-waves,  if  resonant  feeders  are  to  be  used. 

Resonant  feeders  may  be  used  with  all  types  shown, 
and  are  neeessary  if  B  is  to  be  used  on  two  bands. 
Non-resonant  feeders  may  be  eoupled  to  the  antennas 
through  quarter-wave  matehing  sections  for  single- 
band  operation. 

A,  B,  and  C  may  be  suspended  on  wooden  spreaders. 
The  plane  eontaining  the  wires  should  be  parallel  to  the 
ground. 


to  it  from  the  antenna,  and  is  called  a  reflector 

when  the  reverse  is  the  case.  Whether  the 
parasitic  element  is  a  director  or  reflector  de- 
pends  upon  the  parasitic  element  tuning  (which 
usually  is  adjusted  by  changing  its  length)  and, 
particularly  when  the  element  is  self-resonant, 
upon  the  spaeing  between  it  and  the  antenna. 

The  gain  of  an  antenna-reflector  or  antenna- 
director  combination  varies  chiefly  with  the 
spaeing  between  elements.  The  way  in  which 
gain  varies  with  spaeing  is  shown  in  Fig.  2407, 
for  the  special  case  of  self-resonant  parasitic 
elements.  This  chart  also  shows  how  the  atten- 
uation  to  the  “rear”  varies  with  spaeing.  The 
same  spaeing  does  not  necessarily  give  both 
maximum  forward  gain  and  maximum  back- 
ward  attenuation.  Backward  attenuation  is 
desirable  when  the  antenna  is  used  for  receiv- 
ing,  since  it  greatly  reduces  interference  com¬ 
ing  from  the  opposite  direction  to  the  desired 
signal. 

Simple  and  practical  combinations  of  an¬ 
tenna,  reflector  and  director  are  shown  in  Fig. 
2408.  Spacings  for  maximum  gain  or  maximum 
front-to-back  ratio  (ratio  of  power  radiated  in 
the  desired  direction  to  power  radiated  in  the 
opposite  direction)  may  be  taken  from  Fig. 
2407.  In  the  chart,  the  front-to-back  ratio  in 
db  will  be  the  sum  of  gain  and  attenuation  at 
the  same  spaeing. 

The  antenna  length  is  given  by 
~ Equation  (2),  Chapter  21,  as 
usual.  The  director  and  reflector 
lengths  must  be  determined  experimentally  for 
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Fig.  2407  —  Gain  vb.  element  spaeing  for  an  antenna 
and  one  parasitie  element.  Zero  db  is  the  field  Btrength 
from  a  half-wave  antenna  alone.  Greatcst  gain  is  in  the 
direction  A  at  Bpaeings  lees  tban  0.14  wavelength;  in 
direction  B  at  greater  spaeings.  Front-to-back  ratio  is 
the  difference  in  db  between  curves  A  and  B.  Variation 
in  radiation  resistance  also  is  shown.  Tbese  eurves  are 
for  self-resonant  parasitie  element.  At  most  spacings  the 
gain  as  a  refleetor  ean  be  increased  by  slight  lengtbening 
of  the  parasitic  element;  as  a  director,  by  sbortening. 
This  likewise  improves  the  front -to-baek  ratio. 
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maximum  performance.  The  preferable  method 
is  to  aim  the  antenna  at  a  receiver  a  mile  or  so 
distant  and  have  an  observer  check  the  signal 
strength  (on  the  “  S”  meter)  while  the  reflector 
or  director  is  adjusted  a  few  inches  at  a  time, 
until  the  length  which  gives  maximum  signal  is 
found.  The  attenuation  may  be  similarly 
checked,  the  length  being  adjusted  for  mini¬ 
mum  signal.  In  general,  the  length  of  a  director 
will  be  about  4%  less  than  that  of  the  antenna, 
for  best  front-to-back  ratio.  The  reflector  will 
be  about  5%  longer  than  the  antenna. 

Systems  of  this  type  are  popular  for  rotary 
beam  antennas,  in  which  the  whole  antenna 
is  rotated  to  permit  its  gain  and  directivity  to 
be  utilized  for  any  compass  direction.  They 
may  be  mounted  either  horizontally  (plane 
containing  the  elements  parallel  to  the  earth) 
or  vertically. 

Arrays  using  more  than  one  parasitic  ele¬ 
ment,  such  as  those  shown  at  C  and  D  in  Fig. 
2408,  will  give  more  gain  and  directivity  than 
is  indicated  for  the  single  reflector  and  director 
by  the  curves  of  Fig.  2407.  The  gain  with  a 
properly  adjusted  three-element  array  (an¬ 
tenna,  director  and  reflector)  will  be  5  to  7 
db  over  a  half-wave  antenna,  while  somewhat 
higher  gain  still  can  be  secured  by  adding  a 
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Fig.  2408  —  Half-wave  antennas  with  parasitic 
elements.  At  with  reflector;  Bf  with  director;  C,  with 
botb  director  and  reflector;  Dy  two  directors  and  one 
reflector.  Gain  is  approximately  as  shown  by  Fig.  2407 
in  the  first  two  cases  and  depends  upon  the  epacing  and 
length  of  the  parasitic  element.  In  the  three-  and  four- 
element  arrays  a  reflector  spacing  of  0.15  wavelengtb 
will  give  slightly  more  gain  than  0.1-wavelength  spacing. 
Arrows  show  direction  of  maximum  radiation.  The 

array  should  be  mounted  horizontally  (these  are  top 
views). 


Element  Directive  Systems 

second  director  to  make  a  four-element  array. 
The  front-to-back  ratio  is  correspondingly 
improved  as  the  number  of  elements  is  in- 
creased. 


Fig.  2409  —  Recommended  methods  of  feeding  the 
driven  antenna  element  in  close-spaced  parasitic  arrays. 
The  parasitic  elements  are  not  shown.  A,  quarter-wave 
open  stub;  B,  half-wave  closed  stub;  C,  concentric-line 
quarter-wave  matching  section;  D,  delta  matching 
transformer. 

The  elements  in  close-spaced  arrays  prefer- 
ably  should  be  made  of  tubing  of  half-  to  one- 
inch  diameter  both  to  reduce  the  ohmic 
resistance  and  to  secure  mechanical  rigidity. 
If  the  elements  are  free  to  move  with  respect 
to  each  other  the  array  will  show  detuning 
effects  in  breezy  weather. 

Feeding  Close-Spaced  Parasitic  Arrays 

While  any  of  the  usual  methods  of  feed  may 
be  applied  to  the  driven  element  (usually  called 
the  “antenna”)  of  a  parasitic  array,  the  fact 
that  with  close  spacing  the  radiation  resistance 
as  measured  at  the  center  of  the  driven  ele¬ 
ment  drops  to  a  very  low  value  makes  some 
systems  more  desirable  than  others.  The  pre- 
ferred  methods  are  shown  in  Fig.  2409.  Reson- 
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ant  feeders  are  not  recommended  for  lengths 
greater  than  a  half  wavelength. 

The  quarter-  or  half-wave  matching  stubs 
shown  at  A  and  B  in  Fig.  2409  preferably 
should  be  constructed  of  tubing  with  rather 
close  spacing,  in  the  manner  of  the  ordinary 
“Q”  section.  This  lowers  the  impedance  of  the 
matching  section  and  makes  the  position  of  the 
line  taps  somewhat  less  difficult  to  determine 
accurately.  This  line  adjustment  should  be 
made  only  with  the  parasitic  elements  in 
place,  and  after  the  correct  element  lengths 
have  been  determined  should  be  checked  to 
compensate  for  changes  likely  to  occur  because 
of  element  tuning.  The  procedure  is  the  same 
as  that  described  in  Chapter  22. 

The  concentric-line  matching  section  at  C 
will  work  with  fair  accuracy  into  a  close-spaced 
parasitic  array  of  2,  3  or  4  elements  without 
necessity  for  adjustment.  The  line  is  used  as 
an  impedance  inverting  transformer,  and  if  its 
characteristic  impedance  is  70  ohms  will  give 
an  exact  match  to  a  600-ohm  line  when  the 
resistance  at  the  termination  is  about  8.5  ohms. 
Over  a  range  of  5  to  15  ohms  the  mismatch, 
and  therefore  the  standing-wave  ratio,  will  be 
less  than  2  to  1.  The  length  of  the  quarter- 
wave  section  should  be  calculated  from  Equa- 
tion  (3),  Chapter  22. 

The  delta  matching  transformer  shown  at  D 
is  an  excellent  arrangement  for  parasitic  ar- 
rays,  and  probably  is  easier  to  install,  mechan- 
ically,  than  any  of  thaothers.  The  positions  of 
the  taps  (dimension  o)  must  be  determined 
experimentally,  along  with  the  length  b,  by 
checking  the  standing-wave  ratio  on  the  line 
as  adjustments  are  made.  Dimension  6  should 
be  about  15%  longer  than  a. 

Combination  Arrays 

It  is  possible  to  combine  parasitic  elements 
with  driven  elements  to  form  arrays  composed 
of  collinear  driven  and  parasitic  elements  and 
combination  broadside-collinear-parasitic  ele¬ 
ments.  Thus  two  or  more  collinear  elements 
might  be  provided  with  a  collinear  reflector  or 
director  set,  one  parasitic  element  to  each 
driven  element.  Or  both  directors  and  reflectors 
might  be  used.  A  broadside-collinear  array 
could  be  treated  in  the  same  fashion. 

When  combination  arrays  are  built  up,  a 
rough  approximation  of  the  gain  to  be  ex- 
pected  may  be  obtained  by  adding  the  gains 


for  each  type  of  combination.  Thus  the  gain  of 

two  broadside  sets  of  four  collinear  arrays  with 
a  set  of  reflectors,  one  behind  each  element,  at 
quarter-wave  spacing  for  the  parasitic  ele¬ 
ments,  would  be  estimated  as  follows:  From 
Table  I,  the  gain  of  four  collinear  elements  is 
4.5  db  with  half-wave  spacing;  from  Table  II, 
the  gain  of  two  broadside  elements  at  half- 
wave  spacing  is  4.0  db;  from  Fig.  2407  the 
gain  of  a  parasitic  reflector  at  quarter-wave 
spacing  is  4.5  db;  the  total  gain  is  then  the 
sum,  or  13  db  for  the  sixteen  elements.  Note 
that  using  two  sets  of  elements  in  broadside  is 
equivalent  to  using  two  elements,  so  far  as 
gain  is  concerned,  similarly  with  sets  of  re¬ 
flectors  as  against  one  antenna  and  one  re¬ 
flector.  The  actual  gain  of  the  combination 
array  will  depend,  in  practice,  upon  the  way  in 
which  the  power  is  distributed  between  the 
various  elements,  and  upon  the  effect  of 
mutual  coupling  between  elements  upon  the 
radiation  resistance  of  the  array. 

A  great  many  directive  antenna  combina- 
tions  can  be  worked  out  by  combining  ele¬ 
ments  according  to  these  principles. 

Broadness  of  Resonance 

Peak  performance  of  a  multi-element  direc¬ 
tive  array  depends  upon  proper  phasing,  which 
in  all  but  the  simplest  systems  can  be  exact  for 
one  frequency  only.  However,  there  is  some 
latitude,  and  most  arrays  will  work  well  over  a 
relatively-narrow  band  such  as  14  Mc.  If  fre- 
quencies  in  all  parts  of  the  band  are  to  be  used, 
the  antenna  system  should  be  designed  for  the 
mid-frequency;  on  the  other  hand,  if  only  one 
frequency  in  the  band  will  be  used  the  greater 
portion  of  the  time  the  antenna  might  be  de¬ 
signed  for  that  frequency  and  some  degree  of 
misadjustment  tolerated  on  the  occasionally- 
used  spare  frequencies. 

When  reflectors  or  directors  are  used  the  tol- 
erance  is  usually  less  than  in  the  case  of  driven 
elements,  partly  because  the  parasitic-element 
lengths  are  fixed  and  the  operation  may  change 
appreciably  as  the  frequency  passes  from  one 
side  of  resonance  to  the  other,  and  partly  be¬ 
cause  the  close  spacing  ordinarily  used  results 
in  a  sharp-tuning  system.  With  parasitic  ele¬ 
ments  operation  should  be  confined  to  a  small 
region  about  the  frequency  for  which  the 
antenna  is  adjusted,  if  peak  performance  is  to 
be  secured. 
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Jf  the  antenna  System  is  to  operate  most 
effectively  the  conductors  must  be  of  low  re- 
sistance.  On  the  other  hand  the  insuiators 
must  have  high  mechanical  strength  and  low 
losses.  For  short  antennas  an  entirely  satis- 
factory  conductor  is  No.  14  gauge  hard-drawn 
enamelled  copper  wire.  For  long  antennas  and 
directive  arrays  No.  14  or  No.  12  enamelled 
copper-clad  steel  wire  should  be  used  to  pre¬ 
vent  any  possible  stretch.  It  is  best  to  make 
feeders  of  ordinary  No.  14  or  No.  12  enamelled 
copper  wire.  It  will  be  found  difficult  to  make  a 
neat-looking  feeder  with  hard-drawn  or  copper- 
clad  steel  wire  unless  it  is  under  considerable 
tension  at  all  times.  Every  effort  should  be 
made  to  make  the  wires  in  one  piece  so  that 
the  only  joints  are  at  the  output  terminals 
of  the  transmi tter.  Where  joints  cannot  be 
avoided  they  should  be  carefully  soldered. 

If  the  feeder  system  is  of  the  tuned  type  the 
currents  in  it  will  be  of  the  same  order  as  or 
larger  than  those  in  the  antenna,  and  the  same 
care  in  avoiding  joints  is  necessary.  In  the 
open-wire  untuned  feeder  system,  however, 
the  currents  are  relatively  low  and  this  consid- 
eration  is  therefore  not  as  important.  In  these 
cases  small  wire  can  be  used  if  necessary. 

In  building  a  resonant  two-wire  feeder  as 
much  care  should  be  taken  with  the  quality 
of  insulation  used  in  the  spacers  as  is  taken 
with  the  antenna  insuiators  proper.  For  this 
reason  one  of  the  many  good  ceramic  spacers 
available  should  be  used.  Wooden  dowels 
boiled  in  paraffin  can  be  used  with  untuned 
lines  but  their  use  is  not  recommended  for 
tuned  lines.  The  wooden  dowels  can  be  at- 
tached  to  the  feeder  wires  by  drilling  small 
holes  in  the  dowels,  then  binding  them  to  the 
feeders  with  wire. 

It  should  be  kept  in  mind  that  the  ends  of 
tuned  feeders  or  the  ends  of  the  antenna  are 
points  of  maximum  voltage.  It  is  at  these 
points  that  the  insulation  is  most  important, 
and  Pyrex  glass,  isolantite  or  steatite  insulat- 
ors  with  long  leakage  paths  are  recommended. 
Glazed  porcelain  also  is  good.  Insuiators  should 
be  cleaned  once  or  twice  a  year,  especially 
if  they  are  subjected  to  much  smoke  and  soot. 

It  is  hardly  possible  to  give  practical  instruc- 
tions  for  the  suspension  of  the  antenna  since 


the  methods  used  will  vary  so  widely  in  indi- 
vidual  instances.  In  most  cases  poles  are  desir- 
able  to  lift  the  antenna  clear  of  surrounding 
buildings  but  in  some  locations  the  antenna 
is  in  the  clear  when  strung  from  one  chimney  to 
another  or  from  a  chimney  to  a  tree.  Small 
trees  are  not  usually  satisfactory  as  points  of 
suspension  for  the  antenna  on  account  of  their 
movements  in  windy  weather.  If  the  antenna  is 
strung  from  a  point  near  the  center  of  the  trunk 
of  a  large  tree  this  difficulty  is  not  as  serious. 
If  the  antenna  must  be  strung  from  one  of  the 
smaller  branches,  it  is  best  to  tie  a  pulley  firmly 
to  the  branch  and  run  a  rope  through  the 
pulley  to  the  antenna,  with  the  other  end  of 
the  rope  connected  to  a  counterweight  near  the 
ground.  The  counterweight  will  keep  the  ten¬ 
sion  of  the  antenna  constant,  even  when  the 
branches  sway  and  when  the  rope  tightens  and 
stretches  under  varying  climatic  conditions. 


Fig.  2501  —  Details  of  a  40-foot  mast  suitablc  for 
erection  in  locations  where  space  is  limited. 
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•  ANTENNA  MASTS 

A  very  simple  and  inexpensive  mast  is  shown 
in  Fig.  2501.  This  design  has  been  very  popular 
and  is  satisfactory  for  heights  up  to  35  or  40 
feet.  In  addition  to  the  2"  X  2"  lumber,  the 
only  materials'required  are  5  y  carriage  bolts 
hV2"  long  with  washers,  a  few  spikes,  about 
300  ft.  No.  12  galvanized  iron  wire  and  several 
small  strain  insulators.  These  should  be  used 
about  every  10  or  12  feet  to  break  the  guy  wires 
into  sections.  Clear,  sound  lumber  should  be 
selected.  The  mast  may  be  protected  by  two 
or  three  coats  of  house  paint  or,  preferably, 
aluminum  paint. 

If  the  mast  is  to  stand  on  the  ground,  a 
couple  of  stakes  should  be  driven  to  keep  the 
bottom  from  slipping.  The  mast  may  be 
“walked  up”  by  a  pair  of  helpers.  If  it  is  to  go 
on  a  roof,  first  stand  it  up  against  the  side  of 
the  building  and  then  hoist  it,  from  the  roof, 
keeping  it  vertical.  The  whole  assembly  is 
light  enough  for  two  men  to  perform  the  com¬ 
plete  operation  —  lifting  the  mast,  carrying  it 
to  its  permanent  berth  and  fastening  the  guys 


Fig.  2502  —  A  50-footer  of  husky  con- 
struction.  Only  two  guy  wires  at  the  top  are 
required. 
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—  with  the  mast  vertical  all  the  while.  It  is 

therefore  entirely  practicable  to  put  up  this 
kind  of  mast  on  a  small  flat  area  of  roof  that 
would  prohibit  the  erection  of  one  that  had  to 
be  raised  vertical  in  its  final  location. 

A  heavier  mast  for  greater  heights  (W1ALJ) 
is  shown  in  Fig.  2502.  It  can  be  made  forty  to 
sixty  feet  high,  requires  only  two  back  guys 
forming  a  tripod  with  the  antenna  and  is  cheap 
to  construct. 

The  material  required  is  as  folio ws: 

1  —  6"  X  6"  9  feet  long 

2  —  4”  X  4”  14  feet  long 

1  —  4”  X  4”  20  feet  long 

2  pieces  20  feet  long,  1”  thick,  3”  at  bot¬ 
tom  end,  tapered  to  2"  at  top 

1  —  Top  piece  2"  X  1”  6  feet  long 
Lapping  bolts: 

4  —  Ys"  X  14” 

3  -  y2"  X  7" 

3  -  H"  X  3  y2" 

Reinforcement  bolts  to  prevent  splitting 
at  ends  of  sticks: 

6  — ■  W'  X  4  y2" 

1  -  y2"  X  7” 

2  —  y"  x  3  yy 

3  -  y  x  2  y2" 

Each  bolt  requires  two  washers. 
Large  square  washers  may  be  used 
on  the  lapping  bolts  and  regular 
round  washers  on  the  reinforcement 
bolts.  The  bolts  and  washers  should 
preferably  be  galvanized. 

The  cost  of  all  material  for  this 
mast  is  about  #12. 

Constructional  Hints 

1.  Saw  sides  of  bottom  piece 
(6  X  6)  to  accommodate  lapping  of 
the  two  4  X  4’s.  See  detail  sketch. 

Note.  — -  Most  so-called  4  X  4’s 
are  usually  about  3%”  square. 

2.  Shed  the  tops  of  all  pieces  to 
allow  rain  to  run  oS. 

3.  Bore  necessary  bolt  holes  in 
all  pieces. 

4.  Install  the  reinforcement  bolts 
with  washers  in  ends  of  all  pieces 
where  necessary  and  tighten. 

5.  Lay  all  pieces  on  level  ground 
in  mast  formation  and  insert  bolts. 
Tighten  all  bolts  except  those  for 
lapping  the  first  two  parallel  4  X  4’s 
with  the  second  4X4. 

6.  Cut  and  fit  the  intermediate 
reinforcement  pieces  used  in  the 

two  parallel  sections  and  nail 
them  permanently  in  place. 
They  should  be  about  one 
foot  long. 


VERTICAL  SCALE  )4"=  I 
HORIZONTAL  SCALE  Vz  =  \‘ 
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7.  Get  three  or  four  soap  boxes  for  horses 
and  paint  mast  if  you  desire.  Light  gray  makes 
a  fine-looking  mast. 

8.  Use  at  least  Y"  roPe  for  raising  any  an¬ 
tenna  and  install  a  good  pulley  on  the  top 
stick. 

Guying  of  this  type  of  mast  is  neither  com- 
plicated  nor  costly.  No.  14  or  12  steel  wire  will 
suffice  for  an  ordinary  single  wire  antenna. 
Small  egg  type  strain  insulators  are  best  for 
breakers  due  to  lapping  of  guy  wire  holes. 
They  should  be  spaced  about  12  feet. 

As  previously  mentioned,  only  two  back 
guys  are  necessary,  each  of  these  spaced  120 
degrees  from  the  antenna. 

There  are  numerous  methods  of  anchoring 
the  guys  but  the  most  common  are  trees,  fences 
and  pipes  driven  in  the  ground.  The  latter 
method  is  shown.  The  guy  anchors  should  be 
installed  at  least  30  feet  from  the  base  of  the 
mast  and  driven  at  least  four  feet  into  the 
ground. 

Installation 

Dig  hole  5  feet  deep  for  6X6.  This  piece 
may  be  set  in  cement  or  reinforced  by  filling 
hole  with  rocks  and  tamping  dirt  around  them. 
Use  level  to  make  sure  base  piece  is  vertical. 
Raise  first  two  parallel  4  X  4’s,  and  bolt  in 
place  to  base  piece.  Raise  remaining  40-foot 
section  to  vertical  position  beside  the  parallel 
4  X  4’s.  It  is  not  heavy  and  one  man  can  easily 
accomplish  this.  While  a  brother  ham  holds  the 
40-foot  section  in  place,  climb  a  stepladder  and 
tie  a  piece  of  rugged  rope  or  wire  loosely  around 
the  whole  assembly  about  2  feet  down  from  the 
top  of  the  parallel  4  X  4’s.  Hold  this  in  place 


with  a  staple  driven  into  one  of  the  parallel 
4  X  4’s.  This  will  serve  as  a  safety  guide  while 
raising  the  40-foot  section  vertically.  Two 
men  take  one  guy  each  and  walk  in  opposite 
directions  from  base  of  pole  to  a  distance  of 
about  40  feet.  Get  a  good  hold  under  the  bot- 
tom  of  the  40-foot  section  and  raise  vertically. 
Men  on  ends  of  guys  should  allow  plenty  of 
freedom  and  yet  not  allow  top  to  sway  more 
than  12  inches  or  so.  When  the  bottom  of  this 
section  reaches  your  waist,  start  walking  up 
stepladder.  If  you  are  rugged,  you  can  handle 
mast  with  one  hand  and  hang  on  to  stepladder 
with  the  other.  However,  if  you  are  not  rugged, 
someone  should  help  you  during  this  operation. 
When  the  40-foot  section  reaches  the  proper 
height,  slide  its  base  between  the  4  X  4’s  and 
insert  the  two  bolts  for  this  lap.  Tighten  nuts 
and  the  mast  is  complete. 

The  mast  shown  in  Fig.  2503  was  put  up  by 
W9LM  at  a  cost  of  no  more  than  $8.  Only  four 
persons  were  needed  to  put  it  up  and  no  guy 
wires  were  used.  It  has  stood  up  for  a  number 
of  years  through  some  strong  winds. 

A  used  telephone  pole  was  purchased  and 
delivered  for  $5.  A  hole  6  ft.  deep  was  dug  for 
it.  About  2  ft.  from  the  top  of  the  pole  a  Y" 
hole  was  bored.  The  lower  section  was  raised  by 
hand  until  ladders  could  be  placed  under  it 
which  served  as  gin  poles.  The  top  section 
consisting  of  2  X  4’s  was  assembled  on  the 
ground  and  a  Yi"  hole  bored  about  5  ft.  from 
the  lower  end  of  the  top  section.  The  lower 
end  of  the  top  section  was  loosely  bolted  to  the 
top  of  the  lower  section  and  swung  up  into  posi¬ 
tion,  as  shown  in  the  sketch,  and  spiked  in 
place. 


WBoftthrubotJ 
2*4 s  and  tó/ephont aM 
Mjve  nai/s  dnren 
/ff  2*4 's  ready  to 
drive  in  vrhen  up 


Fig.  2503  —  This  type  may  be  carried  to  a  height  of  50  feet  or  more. 
No  guy  wires  are  required. 


•  ROTARY  BEAM  CONSTRUC¬ 
TION 

While  the  power  gain  given  by  a 
directive  antenna  unquestionably 
is  desirable,  it  is  only  obtained 
through  a  decrease  in  the  power 
radiated  in  unfavored  directions, 
and  therefore  limits  the  “all- 
around”  communication  possibil- 
ities  of  the  station.  To  overcome 
this,  many  amateurs  mount  the 
simpler  types  of  directive  antennas 
in  such  a  way  that  the  antenna  can 
be  rotated  to  shift  the  direction  of 
the  beam  at  will. 

Obviously  the  use  of  such  rotary 
antennas  is  limited  to  the  higher 
frequencies  if  a  structure  of  prac- 
ticable  size  is  to  be  used.  For  this 
reason  the  majority  of  rotary  beam 
antennas  are  constructed  for  the 
28- Mc.  band,  although  many  are 
in  use  at  14  Mc.  The  antenna  ar- 
rangements  themselves  do  not 
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differ  from  those  used  when  the  wires  are  fixed 

in  position;  the  problems  involved  in  the  con¬ 
struction  of  a  rotary  beana  antenna  are  almost 
purely  mechanical. 

The  antenna  elements  may  be  arranged 
either  vertically  or  horizontally  as  desired.  At 
the  frequencies  for  which  most  rotary  antennas 
are  built,  horizontal  polarization  is  usually 
more  desirable,  particularly  in  reception.  This 
is  because  of  the  fact  that  the  arriving  waves 
usually  are  horizontally  polarized  and  because 
electrical  noises,  bothersome  at  the  high  fre¬ 
quencies,  are  vertically  polarized.  With  hori¬ 
zontal  elements  it  is  therefore  possible  to  get  a 
better  signal-to-noise  ratio  under  average  con- 
ditions.  However,  it  must  not  be  thought  that 
the  vertically-polarized  antenna  suffers  from  a 
lack  of  effectiveness  —  it  is  simply  that  where 
circumstances  permit  a  choice,  horizontal 
polarization  is  to  be  preferred.  It  is  true,  also, 
that  the  mechanical  construction  of  a  rotating 
antenna  with  vertical  elements  often  is  simpler 
than  that  of  a  horizontal  antenna  having  the 
same  electrical  arrangement. 

The  problems  in  rotary  beam  construction 
are  those  of  providing  a  suitable  mechanical 
support  for  the  antenna  elements,  furnishing  a 
means  of  rotation,  and  in  attaching  the  trans- 
mission  line  so  that  it  does  not  interfere  with 
the  rotation  of  the  system.  Quite  simple  and 
inexpensive  arrangements  can  be  used,  al- 
though  they  may  not  be  as  convenient  in  oper- 
ation  as  the  more  elaborate  structures  which 
some  amateurs  have  built.  An  extremely  simple 
method  is  indicated  in  Fig.  2504.  The  particu- 
lar  antenna  shown  is  an  extended  doublé  Zepp 
with  a  parasitic  reflector,  the  elements  being 
assembled  on  wooden  spreaders  and  suspended 
vertically  from  any  convenient  point.  The  Fig.  2504  —  A  simple  arrangement  for  a  rotatable 
System  is  simply  moved  by  hand  to  the  desired  (lirective  antenna.  It  may  be  suspended  from  any  suit- 

position,  the  two-pound  weights  acting  as  able  support,sueh  as  anotker  antenna,  having  the  requi. 
anchors  to  hold  it  in  place.  Of  course  the  ropes  double  gepp  with  reflector. 
between  the  weights  and  lower  spreader  should 

be  long  enough  to  allow  the  weights  to  lie  on  position  of  the  antenna  is  fixed.  A  rope  and 

the  ground.  The  swivel  at  the  top  permits  easy  pulley  arrangement  provides  rotation  from  the 

rotation  without  binding  or  twisting.  The  operating  room,  so  that  when  a  signal  is  picked 

height  required  for  this  particular  antenna,  up  the  antenna  can  be  rotated  rapidly  to  the 

which  is  design ed  for  the  28- Mc.  band,  is  ap-  position  which  gives  maximum  response.  It  is 

proximately  50  feet.  It  could  be  hung  from  a  then  also  pointing  in  the  proper  direction  for 

regular  horizontal  antenna  of  appropriate  transmission  to  the  same  station.  The  antenna 

height.  A  similar  suspension  could  readily  be  system  shown  can  be  varied  in  details,  of 

used  for  a  half-wave  antenna  with  director  or  course;  for  instance,  close  spacing  might  be 

reflector,  in  which  case  the  antenna  assembly  used  between  the  parasitic  elements  and  the 

would  be  only  25  feet  or  so  long.  (Bib.  1)  antenna  to  give  somewhat  greater  gain.  (Bib.  2) 

Fig.  2505  shows  another  mechanical  arrange-  When  elements  are  suspended  horizontally 
ment  for  vertical  elements.  The  antenna,  it  is  necessary  to  make  a  supporting  structure, 

which  is  a  vertical  section  of  metal  tubing,  is  usually  of  light  but  strong  wood.  In  such  case, 

fixed  in  position  and  is  provided  with  a  director  also,  it  is  desirable,  both  to  simplify  the  struc- 

and  reflector  which  rotate  about  it.  The  ad-  ture  and  to  provide  rigidity  in  the  elements,  to 

vantage  of  this  arrangement  is  that  no  provi-  make  the  elements  of  light-weight  metal  tub- 

sion  need  be  made  for  special  contacts  between  ing.  Dural  tubes  often  are  used,  and  thin- 

the  antenna  and  the  feeder  system,  since  the  walled  corrugated  steel  tubes  with  copper  coat- 
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ing  also  are  available  for  this  pur- 
pose.  The  elements  usually  are  con- 
structed  of  several  sections  of  tele- 
scoping  tubing,  making  length  adjustments 
quite  easy. 

An  easily-constructed  supporting  frame  for  a 
horizontal  rotary  beam  is  shown  in  Fig.  2506. 
It  may  be  made  of  1  by  2  lumber,  preferably 
oak  for  the  center  sections,  with  white  pine  or 
cypress  for  the  outer  arms.  The  self-supporting 
tubing  antenna  elements  are  intended  to  be 
mounted  on  stand-off  insulators  on  the  arms 
marked  E.  The  square  block  at  the  center  (A) 
may  be  fastened  to  the  pole  by  any  convenient 
means.  The  dimensions  of  such  a  structure  will, 
of  course,  depend  upon  the  type  of  antenna 
System  used.  It  is  particularly  well  suited  to  a 
half-wave  antenna  with  a  single  director  or  re¬ 
flector  on  14  Mc.,  or  a  three-element  beam  on 
28  Mc.  (Bib.  3) 

Various  means  of  rotation  and  of  making 
contact  to  the  transmission  line  have  been 
devised.  One  method  is  shown  in  Fig.  2507.  In 
this  case  the  supporting  pole  is  rotated  by  the 
chain  and  sprocket  arrangement  shown,  with 
the  base  of  the  pole  resting  on  a  hearing.  Feed- 


Fig.  2506  —  Easily-built  supporting  structure.  Made 
chiefly  of  1  by  2’s,  the  structure  is  strong  yet  light- 
weight.  Antenna  elements  are  supportcd  on  stand-off 
insulators  on  the  "E"  arms.  The  length  of  the  "D” 
sections  will  depend  upon  the  element  spacing. 


ers  are  brought  down  the  pole  from  the  an¬ 
tenna  to  a  pair  of  wire  rings,  against  which 
sliding  contacts  press.  (Bib.  4) 

Parts  from  junked  automobiles  often  pro- 
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vide  gear  trains  and  hearings  for  rotating  the 
antenna.  Rear  axles,  in  particular,  can  readily 
be  adapted  to  the  purpose.  Some  amateurs  use 
motor-driven  rotating  mechanisms  which,  al- 
though  complicating  the  construction,  simplify 
the  remote-control  of  the  antenna.  More  or  less 
elaborate  indicating  devices  to  show,  in  the 
operating  room,  the  direction  in  which  the 


Fig.  2507  —  One  form  of  rotating  mechanigm.  A 
bicycle  gprocket  and  chain  turn  the  pole  which  eupporta 
the  beam  antenna.  Fecder  connections  from  the  an¬ 
tenna  are  brought  to  the  metal  ringg,  which  slide 
against  spring  contacts  mounted  on  the  large  stand- 
offs  on  the  ehort  pole. 

antenna  is  pointed,  often  are  used  with  motor- 
driven  beams. 

Generally  speaking,  a  rotary  beam  antenna 
is  useful  for  only  one  band,  and  if  multi-band 
operation  is  contemplated  an  additional  an¬ 
tenna  or  antennas  of  conventional  construction 
must  be  installed.  A  few  systems,  however,  are 
adaptable  to  operation  on  two  bands.  The 
arrangement  of  Fig.  2406-B,  Chapter  24,  for 
instance,  can  be  used  for  this  purpose. 

The  full  benefit  of  a  rotating  directive  an¬ 
tenna  is  realized  only  when  the  system  is  uni- 
directional,  since  such  an  antenna  offers  the 
maximum  possibility  of  reducing  interference 
and  noise  in  reception.  An  incidental  advan- 
tage  to  other  amateurs  is  the  fact  that  a  uni- 
directional  antenna  also  reduces  interference  to 
other  stations  not  along  the  line  of  transmis- 
sion.  Bidirectional  systems,  while  somewhat 
less  advantageous  from  this  standpoint,  are, 
however,  somewhat  easier  to  build  mechani- 
cally,  because  it  is  only  necessary  to  rotate  the 


antenna  through  180  degrees  rather  than  360. 
Feeder  contact  is  not  so  difficult  in  such  a  case. 
When  the  antenna  is  designed  for  360-degree 
rotation,  it  is  preferable  to  have  the  feeders 
arranged  so  that  continuous  rotation  is  possi- 
ble,  rather  than  to  have  a  stop  at  some  point 
on  the  circle.  This  avoids  the  necessity  for  re- 
tracing  almost  the  whole  circle  when  it  is  de- 
sired  to  move  the  antenna  the  few  degrees  from 
one  side  of  the  stop  to  the  other. 

Time  spent  in  adjustment  of  the  rotary 
beam  for  maximum  results,  particularly  in 
obtaining  the  best  front-to-back  ratio,  is  well 
repaid.  The  fact  that  the  antenna  is  rotatable 
facilitates  this  process,  since  any  convenient 
receiving  location  can  be  used  for  checking 
field  strength. 


•  THE  RECEIVING  ANTENNA 

Because  of  the  high  sensitivity  of  modern 
receivers  a  large  antenna  is  not  necessary  for 
picking  up  signals  at  good  strength.  Often  it 
will  be  found  that  the  receiving  antenna  in  the 
amateur  station  is  an  indoor  wire  only  15  or  20 
feet  long. 

On  the  other  hand,  the  use  of  a  tuned  an¬ 
tenna  unquestionably  improves  the  operation 
of  the  receiver  because  the  signal  strength  is 
greater  in  proportion  to  the  stray  noises  picked 
up  by  the  antenna  than  is  the  case  with  the 
antenna  of  random  length.  Also,  since  the 
transmitting  antenna  is  usually  given  the  more 
choice  location,  it  can  be  used  to  great  ad- 
vantage  for  receiving,  especially  on  the  DX 
bands,  and  always  when  a  directive  antenna  is 
used.  A  change-over  switch  or  relay  connected 
in  the  antenna  leads  can  be  used  to  transfer  the 
connection  from  the  receiver  to  the  transmitter 
while  the  transmitter  is  on  the  air.  For  best 
results,  an  antenna  tuning  unit,  as  shown  in 
Chapter  8,  should  be  used  at  the  receiver. 

If  a  separate  receiving  antenna  is  preferred, 
a  doublet  antenna  of  the  type  shown  in  Fig. 
2508  will  give  very  good  results.  The  length  of 
the  lamp  cord  transmission  line  may  be  any- 
thing  convenient.  The  antenna  itself  should  be 
a  half-wave  long  for  the  frequency  band  most 


Fig.  2508  — -  Doublet  receiving  antenna. 
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used;  despite  the  fact  that  the  antenna  is 
resonant  for  only  one  band,  it  will  give  good 
results  on  others  as  well.  A  popular  length  is 
65  feet  or  so,  designed  to  resonate  in  the  7000- 
kc.  band. 

The  increasing  popularity  of  short-wave 
broadcast  receiving  antennas  has  led  to  the 
development  of  many  excellent  commercial 
types  available  in  kit  form  at  reasonable 
prices.  Designs  such  as  the  “Double-Doublet” 
and  the  “V  Doublet”  perform  effectively  for 
amateur  work  at  14  Mc.  and  lower  frequencies. 

•  DUMMY  ANTENNAS 

In  tuning  the  antenna  system  to  the  trans- 
mitter  the  antenna  ammeter’s  chief  function  is 
that  of  providing  a  means  for  comparing  the 
effects  of  different  adjustments.  The  actual 
power  output  must  be  measured  by  adopting 
a  different  method.  The  simplest  of  these  is  that 
involving  the  use  of  a  non-radiating  or 
“dummy”  antenna. 

Such  a  dummy  antenna  should  be  part  of 
the  equipment  available  in  all  good  stations. 
By  its  use,  during  periods  of  adjustment  and 
tuning  of  the  transmitter,  much  unnecessary 
interference  with  the  communication  of  other 
stations  may  be  avoided. 

The  dummy  antenna  is  a  resistance  of  suit- 
able  value  capable  of  dissipating  in  the  form  of 
heat  all  the  output  power  of  the  transmitter. 
One  of  the  most  satisfactory  types  of  resistors 
for  amateur  work  is  the  ordinary  incandeScent 
electric  lamp.  Other  non-inductive  resistors  of 
sufficiënt  power-dissipating  capacity  can  be 
used,  however. 

Three  circuits  for  use  with  dummy  antennas 
are  given  in  Fig.  2509.  The  first  of  these  is  for 
use  with  a  low-resistance  dummy  —  say  25 
ohms  or  less.  The  resistor  is  connected  in  series 
with  a  tank  circuit  which  tunes  to  the  same 
frequency  as  the  transmitter,  and  which  is 
coupled  inductively  to  it.  If  the  value  of  the 
resistance  is  known  accurately  —  measure- 
ment  is  difficult,  however,  because  of  skin  effect 
at  high  frequencies  —  the  power  may  be  deter- 
mined  by  measuring  the  radio-frequency  cur- 
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rent  in  the  resistor  and  applying  Ohm’s  Law 
(W  =  P  R).  The  resistor  must  be  noninduc- 
tive.  Suitable  resistors  are  available  commer- 
cially. 


XMTR.  « 


Fig.  2509  —  Dummy  antenna  circuits. 

Incandescent  bulbs,  which  in  the  115-volt 
sizes  have  a  resistance  of  75  ohms  or  more  at 
opera ting  temperature  for  ratings  of  150  watts 
or  less,  will  work  more  satisfactorily  in  either 
of  the  other  two  circuits.  The  lamp  should  be 
equipped  with  a  pair  of  leads,  preferably  sol- 
dered  right  to  the  terminals  on  the  lamp  base. 
The  number  of  turns  across  which  the  lamp 
is  connected  should  be  varied,  together  with 
the  tuning  and  the  coupling  bet  ween  the 
dummy  circuit  and  the  transmitter,  until  the 
greatest  output  is  obtained  for  a  given  plate 
input. 

In  using  lamps  as  dummy  antennas,  a  size 
corresponding  to  the  expected  power  output 
should  be  selected  so  that  the  lamp  will  operate 
near  its  normal  brilliancy.  Then  when  the  ad¬ 
justments  have  been  completed  an  approxima- 
tion  of  the  power  output  can  be  obtained  by 
comparing  the  brightness  of  the  lamp  with  the 
brightness  of  one  of  simïlar  power  rating  in  a 
115-volt  socket. 
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bitroduction  to  U.H.F. 


A  Brief  Survey  of  U.H.F.  Wave  Propagation,  Equipment 

and  Possibilities 


In  amateur  work,  the  ultra-high-frequency 
region  is  considered  to  include  the  56-  to  60- 
Mc,  band  and  all  higher  frequency  bands  avail- 
able  for  amateur  use.  The  28-  to  30-Mc.  band 
is  not  normally  considered  to  be  a  part  of  the 
ultra-high-frequency  region.  However,  it  is 
often  desirable  to  include  dimensions  for 
28-Mc.  operation  of  some  of  the  56-Mc.  gear 
because  many  amateurs  will  wish  to  work  the 
two  bands  with  the  same  equipment.  The 
56-Mc.  equipment  converted  to  28-Mc.  work 
will  usually  be  more  effective  than  will  lower- 
frequency  apparatus  cut  down  to  work  at 
28  Mc. 

Wave-propagation  phenomena  change  rap- 
idly  as  the  frequency  is  increased  above  28 
Mc.  Barring  extremely  exceptional  conditions, 
the  frequency  limit  at  which  sky  waves  are 
sufficiently  bent,  in  the  Fj  layer  of  the  iono- 
sphere,  to  be  returned  to  earth  lies  in  the  region 
of  40  megacycles  during  the  favorable  part  of 
the  sunspot  cycle.  It  may  be  well  below  28  Mc. 
during  the  unfavorable  part  of  the  cycle.  The 
28-Mc.  band,  then,  is  characterized  by  periods, 
extending  over  several  years,  when  fully  re- 
liable  communication  over  long  distances  is 
possible,  and  by  similar  periods  of  shorter 
length  when  long  distance  communication  is 
almost  non-existent.  During  the  latter  periods 
the  transmission  characteristics  are  in  many 
respects  similar  to  those  customarily  found  on 
56  Mc. 

Direct-Ray  Transmission 

Transmission  by  means  of  the  Fi  layer  in  the 
56-Mc.  band  is  so  extremely  rare  that  it  can  be 
neglected  for  practical  communication.  There 
are  three  known  ways  in  which  waves  in  this 
frequency  region  are  propagated.  The  first  is 
by  direct,  or  nearly  direct  rays,  whose  paths 
are  very  similar  to  those  of  light  rays.  The 
range  in  this  case  is  practically  the  same  as  the 
visual  range  from  the  antenna,  and  for  this 
reason  transmission  of  this  type  is  known  as 
“line-of-sight  ”  transmission.  Just  as  in  the  case 
of  visual  distances,  the  transmitting  and  receiv- 
ing  range  depend  upon  the  height  of  the  trans- 
mitter  and  receiver  above  the  surrounding 
territory,  and  on  the  contour  of  the  ground 
between  the  transmitting  and  receiving  points. 
The  actual  range  of  line-of-sight  transmission 
extends  about  10%  beyond  the  optical  horizon, 
on  56  Mc. 


Lower-Atmosphere  Transmission 

During  the  latter  part  of  1934,  experimental 
work  at  A.R.R.L.  Headquarters  served  to  es- 
tablish  that  ultra-high-frequency  waves  are 
bent  very  appreciably  in  the  lower  atmosphere 
under  certain  atmospheric  conditions.  This 
work  indicated  that,  on  occasions  when  warm, 
moist  tropical  air  was  overrunning  relatively 
cold  and  dry  Polar  air,  communication  could 
be  had,  even  from  low-lying  stations,  over  dis¬ 
tances  of  a  hundred  and  sometimes  two  hun- 
dred  miles.  It  was  also  shown  that  considerable 
bending  of  the  waves  in  the  lower  atmosphere 
occurs  at  all  times  when  a  layer  of  warm  air 
overruns  a  layer  of  colder  air.  Since  this  effect 
is  to  be  found  almost  every  night,  one  can 
expect  to  find  that  communication  with  points 
beyond  the  visible  range  is  prone  to  become 
much  more  effective  at  night  than  during  the 
day. 

Sporadic  E-Layer  Transmission 

Occasionally  patches  of  densely  ionized  at¬ 
mosphere  occur  at  heights  somewhat  lower 
than  that  of  the  normal  E  layer,  and  these 
“sporadic  E’’  layer  patches  often  are  capable 
of  refracting  56-Mc.  waves  sufficiently  to  re¬ 
turn  them  to  earth.  Since  the  layer  height  is 
comparatively  low,  the  distances  which  can  be 
covered  are  not  comparable  to  those  resulting 
from  Ft  layer  transmission,  but  are  limited  to 
a  maximum  of  about  1200  miles  for  one-hop 
transmission.  The  “sporadic  E”  layer  is  not 
continuous,  and  circumstances  which  result  in 
a  patch  appearing  at  exactly  the  right  spot  to 
make  communication  possible  between  two 
stations  are  largely  fortuitous.  Two-hop  trans¬ 
mission  over  longer  distances  is  rare,  although 
it  has  been  known  to  occur.  Conditions  suitable 
for  56-Mc.  transmission  via  the  sporadic  E 
layer  occur  most  frequently  during  the  summer 
months.  Contrary  to  regular  ionosphere  trans¬ 
mission  on  the  lower  frequencies,  there  is  no 
observed  variation  with  time  of  day,  and  good 
conditions  for  this  type  of  transmission  are 
likely  to  exist  in  either  daylight  or  darkness. 

Higher  Frequencies 

Less  has  been  established  regarding  trans¬ 
mission  characteristics  on  the  112-Mc.  band 
than  is  known  about  56-Mc.  transmission. 
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There  are  no  known  instances  of  sporadic  E- 
layer  refraction  in  the  112-Mc.  band,  but  the 
possibility  that  it  does  occur  cannot  be  ruled 
out  until  a  great  many  stations,  in  different 
parts  of  the  country,  have  made  continuous 
observations  over  long  periods  of  time.  Ama¬ 
teur  operators  have  the  opportunity  to  con- 
tribute  significant  and  greatly  needed  informa- 
tion  on  this  point.  It  is  urged  that  special 
efforts  be  made  to  listen  and  transmit  in  the 
112-Mc.  band  when  conditions  are  favorable 
for  “DX”  work  on  56  Mc.,  since  it  is  at  these 
times  that  sporadic  E  refraction  would  occur 
on  112  Mc. 

Bending  in  the  lower  atmosphere  takes  place 
on  112  Mc.  in  much  the  same  way  as  on  56  Mc., 
and  experiment  indicates  that  the  same  ranges 
are  possible.  This  question,  however,  has  not 
been  thoroughly  investigated,  and  more  data 
resulting  from  more  widespread  activity  on  the 
band  would  be  of  value. 

Direct-ray  or  line-of-sight  transmission  on 
112  Mc.  is  equivalent  to  that  on  56  Mc.  This 
also  is  true  of  frequencies  in  the  224-Mc.  band. 
On  the  latter  frequency,  however,  experimental 
confirmation  of  lower  atmosphere  bending  is 
meager,  and  the  opportunity  exists  for  pioneer- 
ing  work  along  these  lines. 

Opportunities  for  important  discovery  lie  in 
the  ultra-high-frequency  region,  particularly 
in  the  little-explored  frequencies  above  112 
Mc.  The  lack  of  guide-posts  is  a  fascinating 
incentive  to  exploration  on  the  part  of  the  ex- 
perimentally-inclined  amateur. 

Antennas 

The  familiar  forms  of  antennas  are  in  use  on 
the  ultra-high-frequencies,  much  reduced  in 
linear  dimensions  but  operating  on  the  same 
principles.  The  smallness  of  the  antenna  offers 
an  excellent  opportunity  for  the  construction  of 
effective  directive  systems,  with  a  wide  range 
of  choice  in  the  types  to  use. 

Experience  has  shown  that  a  vertically- 
polarized  antenna  gives  better  results  in  line- 
of-sight  transmission,  insofar  as  signal  strength 
is  concerned,  than  one  horizontally  polarized. 
Most  of  the  man-made  noise  which  is  prevalent 
in  the  lower  ultra-high-frequency  region  (56 
Mc  )  is,  however,  vertically  polarized,  and  can 
be  considerably  reduced  in  reception  by  using 
a  horizontally  polarized  antenna.  The  question 
of  whether  horizontal  polarization  would  not, 
on  that  account,  be  better  on  the  whole  for 
amateur  work  has  not  been  thoroughly  ex- 
plored.  In  line-of-sight  and  lower  atmosphere 
transmission,  it  is  essential  for  maximum  re¬ 
sults  that  the  same  polarization  be  used  at  both 
transmitter  and  receiver.  For  transmission  by 
means  of  the  sporadic  E  layer,  however,  either 
type  of  polarization  seems  equally  effective, 


regardless  of  the  kind  used  at  the  transmitter 
or  receiver,  since  the  polarization  frequently 
shifts  when  the  wave  is  refracted  in  the  layer. 

Equipment 

The  equipment  used  for  56-Mc.  work  resem¬ 
bles  that  described  earlier  in  this  volume  for 
the  lower  frequencies.  Transmitters  are  usually 
crystal-controlled,  while  in  the  receiving  field 
the  super-heterodyne  is  outstandingly  superior 
to  other  types.  Some  modifications  in  design 
and  layout  are  necessary  to  secure  maximum 
performance,  but  in  general  the  circuits  and 
construction  are  straightforward. 

At  112  Mc.  and  higher  a  different  picture 
prevails.  Here  there  are  no  stringent  require- 
ments  as  to  frequency  stability,  so  that  very 
simple  equipment  is  the  order  of  the  day. 
Ordinary  tuned  circuits  consisting  of  coils  and 
condensers  are  inefficiënt,  and  frequently  are 
replaced  by  resonant-line  circuits  which  bear 
no  resemblance  to  their  conventional  equiva¬ 
lents.  These  high-Q  linear  circuits,  greatly 
superior  to  ordinary  coil-condenser  tanks, 
are  within  the  realm  of  practicality  on  ultra- 
high  frequencies  where  dimensions  in  terms  of 
wavelength  can  be  expressed  in  inches  rather 
than  meters.  They  can  be  applied  both  to 
transmitters  and  receivers,  and  contribute 
greatly  to  making  tubes  of  ordinary  construc¬ 
tion  useful.  Even  so,  the  experimenter  must 
piek  his  tubes  with  care  if  good  results  are  to 
be  secured  — ■  or  even  any  results  at  all. 

Frequency  Modulation 

Although  frequency  modulation  is  forbidden 
in  the  lower-frequency  bands,  it  is  specifically 
permitted  in  the  58.5-  to  60-Mc.  and  112-  to 
116-Mc.  ranges.  It  is,  however,  stabilized  f.m. 
with  no  appreciable  amplitude  modulation, 
and  as  such  has  several  advantages,  chief 
of  which  are  its  noise-reduction  characteristics 
with  proper  receivers  and  its  negligible  audio 
power  requirements.  It  is  one  of  the  most  fertile 
fields  at  the  present  time  for  amateur  experi- 
mentation,  and  demands  the  attention  of  every 
serious  u.h.f.  worker. 

Amateur  Television 

Television  is  allowed  in  the  112-Mc.  and 
higher-frequency  bands.  With  the  development 
of  inexpensive  picture  pick-up  tubes  (Icono- 
scope)  and  viewing  c.r.  tubes  (Kinescope), 
considerable  impetus  has  been  given  to  ama¬ 
teur  television  recently.  Although  undoubtedly 
destined  to  become  an  important  part  of  ama¬ 
teur  communication  in  the  future,  it  is  at  pres¬ 
ent  too  specialized  a  field  to  be  treated  in  the 
Handbook.  Those  interested  in  the  subject  will 
find  many  interesting  articles  in  the  1938, 
1939  and  1940  issues  of  QST. 
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Converters —  Superheterodynes  —  Superre gener ative  Receivers 


Fig.  2701  —  The  112-Mc.  conrerter  uses  a  7A4  oscil- 
lator  and  a  1232  mixer.  The  panel  dial  ig  the  oscillator 
timing  dial;  the  panel  knob  u  the  mixer  tnning  control. 
The  knob  on  the  gide  adjugts  the  oecillator  band -set 
condenger. 

In  bssentiai.  principles,  modem  receiving 
equipment  for  the  28-  and  56- Mc.  bands  does 
not  differ  from  that  used  on  lower  frequencies. 
In  view  of  the  higher  frequency  there  are,  of 
course,  certain  constructional  precautions 
which  must  be  taken  to  ensure  good  perform¬ 
ance.  The  28-Mc.  band  serves  as  the  meeting- 
ground  between  those  frequencies  ordinarily 
termed  “communication  frequencies"  and  the 
ultra-highs,  and  it  will  be  found  that  most  of 
the  receivers  described  in  Chapter  Eight  are 
capable  of  working  on  28  Mc.  In  this  chapter 
will  be  presented  receivers  and  converters 
capable  of  good  performance  on  56  Mc.  and 
higher. 

Present  regulations  require  that  transmitters 
working  on  all  frequencies  below  60  megacycles 
must  meet  similar  requirements  respecting 
stability  of  frequency  and  freedom  from  fre¬ 
quency  modulation.  It  is  thus  possible  to  use 


receivers  for  56  Mc.  ha  ving  the  same  selectivity 
as  those  designed  for  the  lower  frequencies. 
This  order  of  selectivity  is  not  only  possible 
but  desirable,  since  it  makes  possible  a  consid- 
erable  increase  in  the  number  of  transmitters 
which  can  work  in  the  band  without  interfer- 
ence,  as  compared  to  broad-tuning  receivers. 
Also,  high  selectivity  greatly  improves  the 
signal-to-noise  ratio,  both  in  the  receiver  itself 
and  in  the  response  to  external  noise.  This 
means  that  the  effective  sensitivity  of  the  re¬ 
ceiver  can  be  considerably  higher  than  is  possi¬ 
ble  with  non-selective  receivers. 

Sufficiently-high  selectivity  can  only  be  ob- 
tained  by  using  the  superheterodyne  type 
receiver.  This  type  also  offers  the  highest  de- 
gree  of  stability,  which  is  an  extremely  impor¬ 
tant  consideration  in  ultra-high  frequency 
work.  A  receiver  which  will  not  “stay  put” 
on  one  frequency  requires  continual  retuning, 
which  is  an  operating  disadvantage,  and  the 
tuning  is  critical  if  the  selectivity  is  fairly 
high.  It  is  difficult  to  make  a  simple  regenera- 
tive  receiver  sufficiently  stable  for  c.w.  recep- 
tion  on  56  Mc.,  and  its  selectivity  is  very  poor. 
Until  the  transmitter  frequency-stability  re¬ 
quirements  were  extended  to  the  56-Mc.  band 
the  superregenerative  type  receiver  was  highly 
popular,  but  its  selectivity  also  is  poor  and  the 
sensitivity  does  not  compare  with  that  of  a 
good  superhet.  The  superregenerative  re¬ 
ceiver  has  the  advantage  of  low  cost,  however, 
and  for  that  reason  is  still  used  to  some  extent. 
It  is,  however,  excellent  for  the  112-Mc.  band 
and  practically  the  only  receiver  used  on  224 
Mc. 

A  superhet  receiver  for  56-Mc.  work  should 
use  a  fairly  high  intermediate  frequency  so 
that  image  response  will  be  reduced.  At  56 
Mc.,  for  instance,  a  difference  between  signal 
and  image  frequencies  of  900  kc.  (the  differ¬ 
ence  when  the  i.f.  is  450  kc.)  is  a  very  small 
percentage  of  the  signal  frequency,  conse- 
quently  the  response  of  the  r.f.  circuits  to  the 
image  frequency  is  very  nearly  as  great  as  to 
the  desired  signal  frequency.  To  get  discrimi- 
nation  against  the  image  equivalent  to  that 
obtained  at  3.5  Mc.  with  a  450-kc.  i.f,  would 
require  for  56  Mc.  an  i.f.  16  times  as  high,  or 
about  7  Mc.,  if  the  circuit  Q’s  were  the  same 
in  both  cases.  However,  the  Q  of  a  tuned  cir- 
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cuit  at  56  Mc.  is  not  as  high  as  at  the  lower 
frequenties,  chiefly  because  the  tube  loading 
of  the  circuit  is  considerably  greater.  As  a 
result,  still  higher  intermediate  frequenties 
are  desirable,  and  a  practical  compromise  is 
reached  at  an  i.f.  of  about  10  Mc. 

Since  high  selectivity  cannot  be  obtained 
with  a  reasonable  number  of  circuits  at  10  Mc., 
the  doublé  superhet  principle  is  commonly 
employed.  The  10-Mc.  frequency  is  changed  to 
an  i.f.  of  the  order  of  450  kc.  by  a  second  os- 
cillator-mixer  combination.  Thus  the  receiver 
has  two  intermediate  frequenties,  at  both  of 
which  amplification  takes  place  before  the 
signal  is  finally  rectified  and  changed  to  audio 
frequency. 

Very  few  amateurs  build  complete  56-Mc. 
superhet  receivers  along  these  lines.  General 
practice  is  to  use  a  conventional  superhet 
receiver  to  handle  the  10-Mc.  output  of  a 
simple  frequency-converter.  Thus  a  regular 
Communications  type  receiver  —  or  even  an 
all-wave  broadcast  receiver  —  can  be  used 
with  excellent  effect  on  56  Mc.  with  the  addi- 
tion  of  a  relatively  simple  and  inexpensive 
“converter.”  Since  most  amateurs  have  Com¬ 
munications  receivers,  the  construction  of  a 
good  superhet  for  56  Mc.  is  a  relatively  simple 
matter. 

Trom  a  practical  aspect,  superregenerative 
receivers  may  be  divided  into  two  general 
types.  In  the  first  the  quenching  voltage  is 


Fig.  2702  —  A  rear  view  of  the  converter  shows  the 
two  plug-in  coils  and  the  antenna  terminals.  The  wire 
leading  off  at  the  left  is  the  battery  cable;  the  twisted 
pair  on  the  right  carries  the  output  to  the  i.f.  amplifier. 


developed  by  the  detector  tube  itself  —  so- 
called  “self-quenched”  detectors.  In  the  sec¬ 
ond,  a  separate  oscillator  tube  is  used  to  gener- 
ate  the  quench  voltage.  The  self-quenched 
receivers  have  found  wide  favor  in  amateur 
work.  The  simpler  types  are  particularly 
suited  for  portable  equipment  where  the  ap- 
paratus  must  be  kept  as  simple  as  possible. 
However,  it  is  our  strong  recommendation 
that  the  separately  quenched  type  be  used  in 
all  cases  where  the  ultimate  performance  is 
expected.  One  enormous  advantage  of  the 
separately  quenched  type  is  that  it  is  readily 
possible  to  adjust  the  operating  conditions  so 
that  the  receiver  is  extremely  sensitive  even 
under  conditions  when  relatively  little  hissing 
or  “mush”  noise  is  had.  In  the  separately 
quenched  superregenerative  detector  it  would 
appear  to  be  of  little  consequence  just  how  the 
quench  voltage  is  introduced  into  the  circuit 
providing  the  voltage  is  of  the  correct  order 
and  that  the  quench  frequency  is  something 
near  the  optimum  value.  Many  amateurs  have 
“pet”  circuits  which  are  claimed  to  be  superior 
to  all  others.  The  probability  is  that  the  ar¬ 
rangement  of  their  particular  circuit  has  led 
to  the  use  of  correct  operating  conditions.  It  is 
certainly  a  fact  that  any  of  the  various  sepa¬ 
rately  quenched  circuits  can  be  made  to  oper- 
ate  in  substantially  the  same  fashion  by  careful 
adjustment.  Likewise,  the  self-quenched  cir¬ 
cuits  are  all  capable  of  a  somewhat  similar 
performance.  The  latter,  however,  though  very 
simple  in  appearance,  require  particularly  care¬ 
ful  handling  in  order  to  obtain  smooth  opera- 
tion  and  freedom  from  howling  and  generally 
irregular  performance. 

•  U.H.F.  CONVERTERS 

If  the  amateur  already  has  a  Communica¬ 
tions  receiver,  or  even  a  fairly  decent  all-wave 
b.c.  set  capable  of  tuning  to  5  or  10  Mc.,  there 
is  little  or  no  need  for  building  a  special  u.h.f. 
receiver,  particularly  for  56  Mc.  It  is  much 
easier  to  build  a  converter  and  work  the  con¬ 
verter  into  the  already-existing  receiver.  The 
output  transformer  of  the  converter  is  tuned 
to  the  same  frequency  as  the  receiver  (5  or 
10  Mc.)  and  the  signal  is  coupled  through  a 
low-impedance  line  to  the  input  of  the  receiver 
in  much  the  same  manner  that  link  coupling  is 
used  in  a  transmitter.  All  of  the  tuning  is  done 
with  the  converter,  and  the  gain  is  adjusted  to 
a  suitable  level  by  means  of  the  gain  control 
on  the  receiver  into  which  the  converter  is 
working. 

A  Converter  for  56  and  112  Mc. 

The  converter  shown  in  Figs.  2701,  2702, 
2704,  2705  and  2706  uses  a  1232  loktal  tube  for 
the  mixer  and  a  7A4  for  the  oscillator.  By 
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grouping  the  tuning  condenser,  coil  and  tube 

socket  closely  together,  it  is  a  relatively  simple 
matter  to  achieve  Iow-enough  circuit  capaei- 
ties  to  work  readily  on  112  Mc.  As  can  be  seen 
from  Fig.  2703,  the  grid  of  the  1231  mixer  is 
tapped  down  on  the  coil,  to  reduce  the  loading 
on  the  circuit  and  obtain  a  better  gain  in  the 
stage.  The  plate-tickler  circuit  is  used  in  the 
oscillator,  so  that  the  cathode  can  be  grounded 
directly  and  thus  give  a  minimum  of  hum  to 
the  signal. 

The  oscillator  tuning  condenser  is  a  15-jupfd. 
condenser  from  which  several  plates  have  been 
removed,  and  this  is  paralleled  by  a  35-ppfd. 
band-set  condenser.  With  this  type  of  band- 
spread  system,  the  converter  can  be  set  to  the 
desired  frequency  band,  the  mixer  condenser 
turned  to  the  point  where  the  noise  is  greatest, 
and  then  the  tuning  is  all  done  with  the  small 
oscillator  condenser.  When  a  signal  has  been 
tuned  in,  the  mixer  can  be  peaked  again,  but  it 

Fig.  2703  —  Wiring  diagram  of  the  u.h.f.  conTerter. 

Ci  —  15-ggfd.  midget  variatie  (Hammarlund  HF-15). 
Ca  —  35-/igfd.  midget  variable  (Hammarlund  HF-35). 
Cs — 10-iiafd.  midget  variable  (Hammarlund  HF-15 
with  one  stator  and  one  rotor  plate  removed). 
C4  —  1 OO-ggfd.  midget  mica. 

Cc,  Ce,  C7  —  500-^fd.  midget  mica. 

Cs,  Co  —  0.01-iifd.  600-volt  paper. 

Ri  —  500  ohms,  )  2-watt  carbon. 

Ra  —  125,000  ohms,  1-watt  carbon. 

Rs  —  20,000  ohms,  ^4-v/att  carbon. 

R*  —  10,000  ohms,  1-watt  carbon. 

Ti  —  3  Mc.:  75  turns  No.  30  d.s.c.  closewound;  coupling 
coil  is  20  tums  No.  30  d.s.c.  closewound  Y 
inch  from  ground  end  of  coil. 


5  Mc.:  45  turns  No.  30  d.s.c.  closewound;  cou¬ 
pling  coil  is  14  tums  No.  30  d.s.c.  closewound 
Yi  inch  from  ground  end  of  coil. 

The  transformers  are  built  in  the  Hammar¬ 
lund  ETU  units.  Both  sections  of  the  condens¬ 
er  are  used. 

I.l  —  112  Mc.:  Yi  tums  No.  20  enam.,  $  -inch  diam., 
spaced  diam.  of  wire.  Grid  tap  at  Y  turn  from 
top. 

56  Mc.:  4%  tums  No.  20  enam.,  %-inch  diam., 
spacewound  to  occupy  Yl  inch.  Grid  tap  at  1 Y 
turns  from  top. 

L2  —  112  Mc.:  3  turns  No.  20  enam.,  H-inch  diam., 
closewound  one  wire  diameter  below  cold  end 

of  Li. 

56  Mc.:  3  tums  No.  24  enam.  closewound  Yt 
inch  below  Li. 

L3  — 112  Mc.:  1  tum  No.  20  enam.  Y-inch  diam., 
3  wire-diameters  below  L4. 

56  Mc.:  I )  2  turns  No.  24  enam.  closewound 
Y  inch  below  L4. 

L4  — 112  Mc.:  Y  turn  No.  20  enam.,  J^-inch  diam., 

56  Mc.:  1 %  tums  No.  20  enam.  spaccd  to  oc¬ 
cupy  Y  inch. 


Fig.  27 04  —  A  Bhot  un- 
demeatb  the  converter 
illustrates  the  arrange¬ 
ment  of  the  parts.  Note 
that  in  the  oscillator  sec. 
tion  (on  the  left)  the  band- 
set  and  tuning  condensers 
butt  into  each  other  for 
short  leads.  The  band-set 
condenser  is  insulated 
from  the  side  panel  by  an 
insulated  wasber,  and  the 
oscillator  circuit  grounds 
to  the  chassis  at  only  one 
point,  through  the  tuning 
condenser.  The  victron 
through -bushing  which 
serves  as  coupling  be- 
tween  mixer  and  oscillator 
can  be  seen  on  the  parti- 
tion  just  ahove  the  oscilla¬ 
tor  tuning  condenser.  The 
bushing  connects  to  the 
1232  grid  on  one  side  and 
to  nothing  on  the  other. 
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Fig.  2705  —  The  mixer  circuit  can  be  seen  when  the  side  panel  is  removed,  giving 
an  idea  of  the  placement  of  the  parts.  The  tie  strip  at  the  lower  right  takes  the  output 
leads  from  the  transformer.  The  through-hushing  can  be  seen  just  to  the  left  of  the 
tuning  condenser,  with  a  wire  from  it  running  to  the  1232  grid. 


is  not  usually  necessary  over  the  range  of  the 
band-spread  condenser.  The  pulling  of  the  os- 
cillator  by  adjustment  of  the  mixer  tuning 
condenser  is  very  slight  because  of  the  loose 
coupling. 

All  of  the  metal  is  1/16-inch  thick  aluminum. 
The  panel  is  5}^  by  8  inches,  but  it  is  longer 
than  is  absolutely  necessary  and  could  be 
trimmed  to  be  only  6  inches  long.  The  extra 
length  was  included  to  put  the  dial  in  the  cen¬ 
ter  of  the  panel  and  also  to  provide  room  for 
possible  future  switches  for  shifting  to  various 
i.f.  amplifiers.  The  chassis  itself  is  built  from  a 
piece  of  534-inch  wide  metal  bent  to  form  a 
3^g-inch  wide  top  and  4-inch  deep  back.  A 
M-inch  lip  is  bent  down  from  the  top  to  fasten 
the  chassis  to  the  panel.  The  two  sides  are 
made  by  forming  shallow  U’s  (with  3^-inch 
sides)  to  fit  between  the  panel  and  the  back  of 
the  chassis.  A  shield  is  made  and  fitted  under 
the  chassis,  making  the  oscillator  compartment 
2l/2  inches  wide.  This  shield  mounts  the  oscil¬ 
lator  tuning  condenser  and  also  takes  the 
National  TPB  victron  through-bushing  which 
serves  as  a  coupling  condenser  between  oscilla¬ 
tor  and  mixer. 

The  coil  forms  are  the  small  %- inch  diameter 
Amphenol  ones  made  of  polystyrene,  and  the 
coil  sockets  are  also  of  polystyrene.  The  coil 
sockets  mount  simply  by  drilling  a  suitable 


hole  and  sliding  the 
retainer  rings  over 
the  sockets.  The  tube 
sockets  are  also  made 
by  Amphenol  and 
mount  in  much  the 
same  fashion.  For 
short  leads,  the  os¬ 
cillator  socket  should 
be  mounted  with  the 
slot  towards  the  rear 
of  the  set,  and  the 
mixer  socket  should 
be  mounted  with  the 
slot  towards  the  left- 
hand  side  of  the  set. 

As  mentioned  be- 
fore,  the  oscillator 
tuning  condenser,  C 3, 
is  mounted  on  the 
shield  partition,  and 
the  band-set  con¬ 
denser,  C2,  is  mounted 
on  the  right-hand  side 
of  the  chassis.  The 
band-set  condenser  is 
insulated  from  the 
metal  by  fiber  washers 
so  that  there  is  only 
one  ground  point  to 
the  chassis  for  the  os¬ 
cillator  circuit,  that 
through  the  oscillator  tuning  condenser.  The 
mixer  tuning  condenser,  C\,  is  mounted  on  the 
right-hand  side  of  the  chassis  and  grounds  the 
mixer  circuit  at  that  point. 

The  oscillator  tuning  condenser  and  the 
mixer  tuning  condenser  are  fastened  to  their 
respective  panel  Controls  through  insulated 
couplings,  to  avoid  duplication  of  grounds. 

One  of  the  mounting  screws  for  the  tuning 
dial  also  serves  to  hold  the  top  of  the  chassis  to 
the  panel,  and  another  one  holds  the  partition 
to  the  panel. 

The  panel  and  sides  should  be  left  off  until 
all  of  the  wiring  that  can  be  done  without 
them  has  been  finished.  Heater  leads,  ground 
connections,  by-pass  condensers,  and  resistors 
can  all  be  put  in  before  the  sides  and  panel  are 
fastened.  One  should  be  a  bit  careful  not  to 
hold  the  soldering  iron  on  the  polystyrene  coil 
sockets  for  any  longer  than  is  necessary  to 
start  the  solder  flowing,  or  else  the  socket  con- 
tacts  will  loosen  from  the  heat’s  effect  on  the 
polystyrene.  A  small,  pointed  soldering  iron 
comes  in  very  handy  here.  A  lead  is  run  from 
the  grid  of  the  1232  to  the  through-bushing  on 
the  partition  but  no  connection  is  made  on  the 
oscillator  side,  since  the  capacity  between  the 
bushing  and  the  oscillator  leads  is  sufficiënt  for 
coupling.  All  r.f.  leads  and  leads  from  by-pass 
condensers  are  kept  short  and  direct. 
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The  coil  for  the  5-meter  range  is  wound  in 
the  UBUfll  marnier  on  the  outside  of  the  coil 
forms.  No  trouble  should  be  had  in  finding  the 
5-meter  amateur  band,  since  the  tolerance  on 
this  range  of  coil  is  fairly  wide.  The  Only  care 
necessary  is  to  prevent  the  pins  from  loosening 
up  in  the  forms  because  of  the  heat  when  sol¬ 
dering.  The  wire  should  be  well  cleaned  and  a 
spot  of  flux  used  on  the  tip  of  the  pin.  No  at- 
tempt  should  be  made  to  flow  solder  on  the 
pin  and  wire,  but  a  drop  of  solder  picked  up 
by  the  iron  can  be  held  against  the  pin  for  just 
an  instant,  long  enough  to  solder  wire  and  pin 
together.  If  the  pin  loosens  up  or  moves  out  of 
place,  it  can  be  heated  again  slightly  (by 
holding  the  soldering  iron  against  it)  and  held 
in  the  proper  position  with  long-nosed  pliers. 
When  the  metal  (and  coil  form)  cools,  it  should 
be  as  solid  as  ever.  If  it  isn’t,  it  doesn’t  matter 
too  much,  since  the  form  can  still  be  plugged  in 
the  socket  without  too  much  difficulty. 

The  coils  for  the  2  3^-meter  range  are  wound 
inside  the  coil  forms.  It  is,  however,  a  simple 
matter  to  adjust  them,  since  the  coil  forms  can 
first  be  sawed  through  near  the  base  and  the 
coils  adjusted  by  spreading  the  turns.  When 
the  adjustments  have  been  made,  the  coil 
form  can  be  fastened  together  by  Duco  ce¬ 
ment,  and  there  will  be  no  danger  of  the  coil’s 
being  injured  by  handling. 

The  usual  rule  must  be  followed  for  the  os- 
cillator  coil,  i.e.,  if  both  grid  and  plate  coil  are 
wound  in  the  same  direction,  the  grid  and  plate 
connections  come  off  opposite  ends  (in  case  the 
outside  ends). 

The  connections  on  the  oscillator  coil,  look- 
ing  at  it  from  the  bottom  are  (starting  with  the 
oddly-spaced  pin  and  going  clockwise):  plate, 
ground,  B  plus,  grid  and  blank.  In  the  same 
manner,  the  mixer-coil  connections  are  grid, 
tuning  condenser,  antenna,  antenna  and 
ground.  Both  mixer  and  oscillator  coil  sockets 
are  mounted  with  the  odd  pin  at  the  top. 

If  the  connections  have  been  made  correctly 
and  kept  short  enough,  no  trouble  should  be  ex- 
perienced  in  making  the  oscillator  oscillate  in  any 
of  the  ranges.  For  the  112-Mc,  band,  the  oscil- 


Fig.  2707  —  A  superhet  converter  for  56-Mc,  recep- 
tion.  Designed  for  use  with  a  comraunications-type 
receiver,  this  converter  has  an  1852  r.f.  stage  and  a  6K8 
mixer-oscillator.  It  uses  a  high-frequency  i.f.  (10  Mc.) 
for  image  reduction. 

lator  band-set  condenser  will  be  at  minimum 
capacity,  but  will  set  at  about  mid  scale  for  the 
other  range,  varying  slightly  with  the  i.f.  used. 

The  converter  is  coupled  into  the  i.f.  ampli- 
fier  through  a  low-impedance  link,  and  this  re- 
quires  that  the  input  transformer  in  the  i.f. 
amplifier  be  modified  by  winding  a  number  of 
turns  about  the  grid  coil  and  connecting  the 
link  to  this  coil.  Alternatively  a  duplicate  of 
the  output  transformer  Tx  can  be  built  and 
substituted  for  the  first  transformer  in  the  i.f. 
amplifier.  If  a  receiver  is  used  for  the  i.f.  am¬ 
plifier,  the  output  leads  connect  to  ground  and 
the  grid  cap  of  the  mixer  tube  in  the  receiver, 
after  the  regular  grid  lead  has  been  removed. 

Antennas  for  use  with  the  converter  present 
the  same  problem  that  they  do  with  any  u.h.f. 
receiver,  and  your  particular  favorite  is  the  one 
to  use.  A  little  experimenting  with  the  antenna 
coil  Lj  may  help  in  giving  a  better  match  to 
the  antenna  system  —  the  dimensions  given 
are  average  values  that  were  about  right  for 
low-impedance  line  input. 

If  signals  are  weak  the  trouble  probably  can 
be  accounted  for  by  too  much  or  too  little  oscil¬ 
lator  voltage  reaching  the  mixer,  and  this  can 
be  adjusted  over  considerable  range  by  moving 


Fig.  2706  —  The  112-Mc.  coils 
(right)  are  self-supporting  inside  the 
coil  forms,  white  the  56-Mc.  coils  are 
wound  in  the  nsual  manner. 
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the  tickler  coil  Lj  closer  to  or  farther  away 
from  Li.  However,  the  adjustment  does  not 
seem  to  be  too  critical. 

For  maximum  performance,  it  is  suggested 
that  a  stabilized  power  supply  be  used  with  the 
converter.  (Bib.  1.) 

A  56  -Mc.  Converter  with  R.F.  Amplifier 

The  performance  of  a  converter  can  be  im- 
proved  by  equipping  it  with  an  r.f.  amplifier 
stage  to  precede  the  mixer.  The  additional 
amplification  provided  is  seldom  necessary 
with  a  Communications  receiver  functioning  as 


tion,  with  C2  directly  in  line  with  C 1.  A  hole 
through  the  shield  permits  the  two  shafts  to  be 
connected  by  a  flexible  coupling.  Both  of  the 
coils,  and  also  coil  L%,  have  their  terminals 
soldered  directly  to  the  appropriate  condenser 
lugs. 

The  oscillator-mixer  section  of  the  circuit  is 
to  the  right  of  the  2J^-inch  partition,  with  the 
tube  socket  mounted  on  the  same  side.  C3,  also 
mounted  on  the  partition,  is  located  at  the  rear 
of  the  tube  socket.  The  i.f.  transformer,  Ti,  is 
mounted  at  the  right-rear  corner  of  the  chassis. 
The  output  leads  from  this  transformer  are 


Fig.  2708  —  The  1852-6K8  converter  circuit. 


Ci,  Ca  • —  15-wifd.  midget  variable  (National  UM-15). 
Ca  —  Same  as  Ci  with  two  rotor  and  one  stator  plate 
removed. 

Ci,  Cs  —  30-yunfd.  compression-type  padders. 

Cs  to  Ca,  inc.  —  0.005-nfd.  mica. 

C10  —  0.002-jufd.  mica. 

Cu  —  250-^fd.  mica. 

Cia  —  100-/infd.  mica. 

Rt  —  200  ohms,  J^-watt. 

Ra  —  65,000  ohms  J^-watt. 

Ra  —  50,000  ohms,  }4-watt. 

Rl  —  300  ohms,  H-watt. 


Rs  —  20,000  ohms,  J^-watt. 

Rs  —  20,000  ohms,  2-watt. 

RFC  —  In  1852  plate  circuit,  2.5-mh.  pie-wound;  in 
oscillator  circuit,  solenoid  type  (Ohmite). 

Li  —  6  turns  No.  14,  diameter  ]/2  inch,  length  1  inch. 

La  —  6  turns  No.  14,  diameter  inch,  length  %  inch. 

La  — 10  turns  No.  14,  diameter  Vi  inch,  length  1 
inches,  tapped  4th  turn  from  grid  end. 

I.F.  Output  Transformer  —  P,  25  turns  No.  28  d.s.c. 
closcwound  on  half-inch  form;  S,  6  turns 
woond  over  P  at  hottom;  35-aafd.  midget 
variable. 


an  i.f.  amplifier,  but  the  improvement  in  both 
image  rejection  and  signal-to-noise  ratio  is 
worth  while.  A  converter  with  an  r.f.  amplifier 
stage  is  shown  in  Figs.  2707  and  2709.  As  the 
circuit,  Fig.  2708,  shows,  an  1852  is  used  as  the 
r.f.  amplifier  or  preselector,  and  a  triode- 
hexode  converter  tube,  the  6K8,  is  used  as  a 
combined  mixer  and  oscillator.  The  intermedi- 
ate-frequency  is  10  Mc. 

The  aluminum  chassis  measures  1  by  3H 
by  7  inches.  Shielding  between  stages  is  pro¬ 
vided  by  the  right-angle  partition  shown  in  the 
photograph.  This  partition  is  2%  inches  high, 
and  the  side  parallel  to  the  front  edge  of  the 
chassis  is  4  inches  long.  The  portion  that  sup¬ 
ports  the  6K8  is  2J^  inches  long.  The  6K8 
is  mounted  at  the  bottom  of  the  shield,  with 
the  grid  cap  facing  the  left  end  of  the  base. 

The  1852  grid  tuning  condenser,  Ci,  and 
coil,  Li,  are  mounted  to  the  rear  of  the  4-inch 
section  of  the  shield,  The  1852,  condenser  C 2, 
and  coil  Lj  are  mounted  in  front  of  the  parti- 


shielded  to  prevent  stray  pick-up  between  the 
converter  and  the  receiver.  By-pass  condensers 
and  resistors  are  closely  grouped  around  the 
tube  socket,  assuring  short  leads.  A  trimmer 


Fig.  2709  —  Below -chassis  wiring  of  the  metal-tube 
converter.  The  1852  socket  may  be  seen  at  the  right. 
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condenser,  C4,  soldered  across  Ls,  allowa  a  small 
variable  capacity  to  be  used  as  the  tuning  ele¬ 
ment  and  at  the  same  time  makes  the  circuit 
fairly  high-C  in  the  interests  of  good  sta- 
bility. 

A  small  panel  is  used  to  mount  a  vernier  dial 
for  the  oscillator  condenser.  Since  the  r.f. 
tuning  is  not  critical  and,  indeed,  is  broad 
enough  to  cover  a  good  portion  of  the  band 
with  one  setting,  a  small  knob  gives  sufficiënt 
control. 

The  output  Iine  may  be  connected  to  the  an¬ 
tenna  and  ground  terminals  of  the  Standard 
receiver  used  as  an  i.f.  amplifier,  or  to  the 
‘‘doublet’’  terminals,  if  provided.  The  exact 
i.f.  chosen  is  not  particularly  important,  so 
long  as  it  is  in  the  vicinity  of  10  Mc.  Choose  a 
frequency  which  is  free  from  signals,  if  possible, 
so  that  there  will  be  no  unnecessary  interfer- 
ence  from  this  source. 

Tuning  of  the  converter  is  as  follows:  With 
the  r.f.  and  oscillator  condensers  at  about  half 
capacity,  the  padder,  C4,  is  adjusted  until 
56-Mc.  stations  of  known  frequency  are  heard. 
After  this  the  padder  may  be  set  to  bring  the 
high-frequency  end  of  the  band  near  minimum 
capacity  on  C3.  The  i.f.  transformer  should 
then  be  tuned  for  maximum  signal  strength. 
The  56-60-Mc.  band  will  occupy  approxi- 
mately  60  to  70  divisions  on  the  dial.  The  r.f. 
and  mixer  input  circuits,  L\Ci  and  L2C2,  may 
be  made  to  track  by  squeezing  or  spreading 
the  turns  of  Li  and  Li  until  both  cover  the  same 
frequency  range,  as  determined  by  loosening 
Ci  from  the  coupling  and  turning  it  independ- 
ently  to  see  if  it  peaks  the  noise  at  the  same 
setting  as  Ci. 

Any  type  of  antenna  may  be  used,  so  long  as 
it  loads  the  r.f.  grid  circuit  quite  heavily. 
Optimum  operation  will  result  under  these 
conditions.  A  single-wire  antenna  may  be 
capacity-coupled,  while  a  two-wire  feeder 
system  preferably  should  be  inductively  cou¬ 


pled.  The  coupling  coil  should  be  slightly 
smaller  than  the  r.f.  coil,  L\. 

A  28-  and  56-Mc.  Converter  for  Mobile  Use 

Although  28- Mc.  mobile  work  is  prohibited 
at  the  time  of  writing,  56-Mc.  work  is  not,  and 
there  is  nothing  to  prevent  the  u.h.f.  operator 
from  carrying  a  receiver  in  his  car  capable  of 
receiving  on  either  band,  since  a  check  on 
28-Mc.  conditions  often  indicates  when  56-Mc. 
is  “hot.”  Obviously  a  most  economical  method 
of  obtaining  high  sensitivity  and  selectivity 
is  to  employ  a  converter  working  into  a  car 
broad  cast  set.  The  plate  power  to  operate  the 
converter  can  be  taken  from  the  car  radio  set, 
while  the  car  battery  furnishes  the  filament 
power. 

Figs.  2710-2713  show  a  single- tube  converter 
which  gives  highly  satisfactory  performance  in 
mobile  operation.  The  i.f.  output  frequency  is 
1500  kc.,  to  work  into  a  Standard -range  b.c. 
receiver. 

The  size  of  the  unit  allows  easy  mounting 
on  either  dash  or  steering  post. 

The  circuit,  shown  in  Fig.  2711,  uses  a  6K8 
triode-hexode  converter  tube  in  an  arrange¬ 
ment  which  is  not  entirely  conventional.  A  Col- 
pitts  type  oscillator  is  used,  ha  ving  the  advan- 
tage  that  it  permits  grounding  the  rotor  of  the 
tuning  condenser,  thus  simplifying  the  insula- 
tion  problem  and  eliminating  hand  capacity; 
furthermore,  the  oscillator  coil  need  not  be 
tapped,  nor  is  an  extra  tickler  coil  required. 
The  Hazeltine  method  of  coupling  the  grid 
circuit  to  the  antenna  is  used,  the  antenna  coil 
(identical  to  the  oscillator  coil)  being  fed  from 
the  antenna  at  the  low-impedance  point,  thus 
decreasïng  the  possibility  of  trouble  caused  by 
antenna  loading  with  the  coupling  coils  com- 
monly  used.  High  gain  can  be  achieved  by  the 
use  of  a  tuned  antenna,  a  quarter-wave  rod 
(length  adjusted  to  the  band  in  use)  on  the  rear 
bumper  of  the  car,  worked  against  the  car  as  a 
ground.  It  can  be  coupled  to 
the  converter  through  a  low 
impedance  (36-ohm)  cable. 

An  important  feature  of  the 
circuit  is  the  use  of  two  midget 
neon  bulbs  in  series  as  voltage 
regulators  for  the  oscillator. 
Because  the  voltage  drop  across 
them  is  constant,  variation  in 
“B”  voltage  is  negligible  over 
a  wide  range  of  input-voltage 
change  due  to  generator  fluc- 
tuation.  This  eliminates  fre¬ 
quency  change  in  the  oscillator. 
The  neon  bulbs  are  G.E.  type 
T-2,  without  resistor. 

The  box  is  3  by  4  by  5  inches, 
with  the  4  by  5  sides  remov- 
able.  The  tuning  control  is  on 


Fig.  2710  —  This  compact  converter  unit  works  on  both  28  and  56  Mc. 
with  any  car  broadcast  receiver.  The  steering-column  mounting,  fastened 
to  one  aide  of  the  case,  can  be  constructed  from  metal  strip. 
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Fig.  2711  —  Circuit  diagram  of  the  28-56-Mc.  mobile  coiivcrter. 


C, 


5-15-anfd.  variable;  ganged  units 
(Sickles  Type  R  trimmers). 

C2  —  30-;i/ifd.  trimmers  (air  type  for 
oscillator  coils,  mica  compres- 
sion  type  for  antenna  coils). 
C3  —  100-Mjjfd.  midget  mica. 

C4  —  0.01-/ifd.  paper  (small  size). 

Cs  —  0.1-fiW.  paper. 

Ce  —  30-fififd.  low-drift  mica  (in  i.f. 
unit). 

C7  —  0.002-fifd.  midget  mica. 

Ri  — 0.1  megohm,  K-watt, 

Ra  —  300  ohms,  J^-watt. 

Rs  —  50,000  ohms,  J^-watt. 

Ri  —  30,000  ohms,  J^-watt. 

Rs  —  25,000  ohms,  1-watt. 


Rb  —  1000  ohms,  J^-watt. 

Li  — 10  tums  No.  18  tinned  copper, 
diameter  Y  inch,  length  % 
inch. 

La  —  4  tums  No.  18  tinned  copper, 
diameter  Yz  inch,  length  Y 
inch. 

Ti  —  1500-kc.  i.f.  transformer  with 
15-turn  output  coil  wound 
close  to  primary. 

N  —  Midget  neon  lamps. 

P  —  Pilot  light. 

RFC  —  5-meter  choke  (Sickles). 

51  —  D.p.d.t.  toggle  switch. 

52  —  4-pole  double-throw  wafer  switch 

(Yaxley  3100). 


one  3  by  4  side.  The  chassis,  with  band-switch, 
oscillator,  and  antenna  trimmers,  is  mounted 
on  one  of  the  4  by  5  sides.  To  the  other  side  is 
attached  the  fixture  used  to  mount  the  unit 
to  the  steering  post  or  instrument  panel.  The 
other  3  by  4  side  is  utilized  for  the  i.f.  trans¬ 
former,  the  power  cable,  the  antenna  input 
and  output,  and  the  double-pole 
double-throw  switch  for  cutting  out 
the  converter  to  permit  broadcast 
reception  on  the  car  radio. 

The  chassis  is  of  ^6-inch  alumi- 
num,  2 %  by  4  inches,  with  side  lips 
bent  as  shown  in  the  photographs. 

A  2%  by  3-inch  aluminum  plate  is 
mounted  vertically  an  inch  from 
one  end;  and  an  L-shaped  bracket 
is  fastened  to  the  chassis  and  plate 
as  shown  in  one  view.  This  assembly 
is  attached  to  the  side  panel  so  as 
to  clear  the  box  flanges,  and  as  near 
the  front  as  possible.  This  will  pro- 
vide  room  between  the  chassis  and 
the  rear  of  the  box  for  all  necessary 
wiring  to  the  Socket,  power  cable, 
neon  tubes,  and  other  parts.  The 
i.f.  transformer  and  antenna  switch 


can  be  fitted  in  this  space, 
with  care  inlayout,  if  the 
constructor  prefers  not 
to  make  small  aluminum 
containers  to  house  them 
on  the  outside  of  the  case. 

The  chassis  is  laid  out 
to  utilize  the  space  to  the 
greatest  advantage  by  lo- 
cating  the  parts  to  obtain 
the  shortest  connections. 
The  tuning  condensers, 
coils,  Socket  and  other 
parts  are  mounted  to  the 
sub-chassis,  then  this  as¬ 
sembly  is  mounted  to 
the  side  panel  and  is 
ready  for  wiring.  Wiring 
from  the  oscillator  and 
antenna  trimmers,  and 
from  the  band-switch  to 
the  5-  and  10-meter  coils, 
will  pass  under  the  tube, 
but  because  the  wiring  is 
done  more  easily  wdth  the 
tube  out  of  the  socket  it 
is  well  to  remember  this 
and  allow  for  extra  length 
in  the  leads.  Grounds  in 
the  oscillator  section  are 
made  at  the  socket, 
when  possible,  and  in 
the  antenna  section  to  a 
central  point  at  the  con- 
trol-shaft  end  of  the 

ganged  condenser. 

The  i.f.  transformer  could  be  solenoid- 
wound,  but  a  1500-kc.  unit  can  be  purchased 
for  a  nominal  sum  and  will  be  considerably 
more  compact. 

A  three-prong  shielded  plug  and  socket 
(Amphenol)  are  used  to  piek  up  power  from 


Fig.  2712  —  A  glimpse  inside  the  case  of  the  mobile  converter, 
from  the  mounting  side.  The  two  coi!  sets  are  mounted  inside  an  L- 
shaped  bracket.  The  tuning  condensers  are  vigible  behind  the  coils. 
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be  operated  in  the  oscillating  condition  for  the 
reception  of  c.w.  signals,  or  just  below  oscilla- 
tion  for  ’phone  reception  of  weak  signals  when 
maximum  amplification  is  needed. 

The  receiver  is  constructed  on  a  chassis 
measuring  8M  inches  deep  by  12  inches  long 
by  2  inches  high.  Sufficiënt  depth  for  ganging 
r.f.,  detector  and  oscillator  condensers  without 
cramping  the  components  is  provided.  Ade¬ 
quate  separation  between  these  stages  elimi- 
nates  any  possibility  of  undesirable  coupling  or 
interaction. 

The  most  important  details  of  construction 
pertain  to  the  assembly  and  wiring  of  the  high- 
frequency  stages.  Parts  are  arranged  to  permit 
extremely  short  r.f.  leads  and  direct  by-pass- 
ing  of  all  r.f.  circuits.  This  is  accomplished  by 
mounting  the  acorn  sockets  on  vertical  alumi- 
num  partitions.  At  the  front  of  the  chassis,  at 
the  right-hand  end,  are  the  oscillator  stage  and 
its  component  parts.  The  955  tube  is  mounted 
on  a  vertical  partition  2%  inches  high  by  2% 
inches  wide.  The  socket  is  arranged  with  the 
cathode  terminal  facing  towards  the  upper 
right  corner  of  the  partition,  making  a  short 
and  direct  lead  for  the  tap  on  the  coil,  and 
placing  the  grid  terminal  in  a  position  which 
will  allow  a  short  and  direct  connection  to  the 
grid  end  of  the  oscillator  coil  through  the  100- 
jujufd.  grid  condenser.  The  midget  air  oscillator 


padding  condenser  and  oscillator  coil  are 
mounted  directly  on  the  oscillator  tuning 
condenser. 

Directly  behind  the  oscillator  stage  is  the 
first  detector.  This  complete  assembly  is 
made  up  on  a  4-inch  wide  by  2%-inch  high 
aluminum  partition.  The  954  acorn  tube  is 
mounted  to  the  left  of  the  tuning  condenser 
with  its  plate  terminal  protruding  through  a 
J^-inch  hole  for  short  direct  connection  to  the 
coupling  condenser  from  the  plate  of  the  r.f. 
stage.  This  aluminum  partition,  in  addition  to 
offering  support  for  all  the  component  parts  of 
the  detector  stage,  also  provides  adequate 
shielding  between  stages.  In  the  case  of  the  r.f. 
stage,  only  the  tuning  condenser  is  mounted 
on  the  aluminum  upright.  This  upright  is  2% 
inches  high  by  2  lA  inches  wide,  and  likewise 
shields  the  r.f.  coil  and  tuning  condenser  from 
the  detector  stage.  The  1851  tube  is  mounted 
directly  to  the  left  of  this  assembly,  making  a 
short  grid  lead  to  the  coil. 

Initial  adjustments,  after  construction  is 
completed,  are  made  as  follows:  The  i.f.  trans- 
formers  are  adjusted  to  1600  kc.  Then  with 
tuning  condensers  set  at  half  capacity,  the 
oscillator  padding  condenser  is  adjusted  until  a 
signal  of  approximately  58  Mc.  is  heard.  A  test 
oscillator  is  helpful,  although  a  signal  from  the 
transmitter  can  be  used,  or  perhaps  some  local 


Fig.  2715  —  56-Mc.  superhet  circuit  diagram. 


Ci,  C2  —  10-ju/iifd.  (Cardwell  ZR-10- 
AS). 

Cs  —  15-wifd.  (Cardwell  ZR-15-AS). 
C4,  Cb  —  3-35-wJd.  (Isolantite) 
padders. 

Cp  —  50-Mpfd.  air  padder  (Ham- 
marluud  APC-50). 

C«,  C7,  Cs,  C10  —  0.01-jifd.,  400- 
volt  tubular. 

Cb,  Ci 9,  C22 —  100-pnfd.  midget 

mica. 

Cu,  C14  —  0.05-pfd.,  400-voIt  tubu¬ 
lar. 

C12,  C13,  CiB,  Ci«  —  0.1-^fd.,  400- 
volt  tubular, 

C17  —  0.02-jJd.,  400-volt  tubular. 
Cu  —  10-jifd.,  2  5 -volt  tubular. 

C20  —  0.001-iifd.  midget  mica. 


C21  —  0.002-^fd.,  400-volt  tubular. 
Rl  — 150  ohms,  J^-watt. 

R2  —  60,000  ohms,  H-watt. 

Ra  —  1  meg.,  J^-watt. 

R4,  R10  —  2000  ohms,  H-watt. 

Rb,  R12,  Rib  —  100,000  ohms,  H- 
watt. 

Rb  —  2000  ohms,  H-watt. 

R7  —  300  ohms,  H-watt. 

Rb  —  50,000-ohm  potentiometer. 
Rb,  R17  —  50,000  ohms,  1^-watt. 
Ru  —  1000 -ohm  potentiometer. 

R13  —  250,000  ohms,  M-watt. 

R14  —  25,000  ohms,  J^-watt. 

Rib  —  450  ohms,  10-watt. 

Bi8  —  500,000  ohms,  %-watt. 

Ris  —  5  meg.,  J^-watt. 


Li  —  8  turns  No.  14,  diameter, 
winding  length  1 Y2". 

L2  —  9  turns  No.  14,  J/*j"  diameter, 
winding  length  I  Vï' . 

Ls  —  4  turns  No.  14,  diameter, 
winding  length  (cath¬ 
ode  tap  Yi  turn  from  ground 
end). 

L4  —  30  turns  No.  24,  closcwound 
on  form. 

1.6  —  1080-henry  plate  impedance 
(Thordarson  T-29C27). 

RFC  —  21^-mh.  r.f.  choke  (Na¬ 
tional  R100). 

Ti  —  1600-kc.  iron  core  i.f.  (Meiss- 
ner  No.  16-8091). 

Ta  —  1600-kc.  iron  core  i.f.  (Meiss- 
ner  No.  16-8099). 
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58- Mc.  signal  can  be  heaid.  If  coils  are  made  in 
accordance  with  specifications,  the  oscillator 
padding  condenser  will  fall  at  a  point  slightly 
less  than  half  meshed.  The  r.f.  coupling  con- 
denser  is  then  adjusted  and  the  r.f.  and  detec¬ 
tor  coils  pruned  for  maximum  signal  strength. 
The  coils  are  pruned  by  compressing  or  ex- 
panding  turns  slightly,  and  when  adjusted  for 
the  middle  of  the  band  will  track  sufficiently 
well  over  the  entire  band.  The  antenna  trim¬ 
mer  condenser  is  also  adjusted  for  best  sensi- 
tivity  with  the  particular  antenna  with  which 
the  set  is  used. 

Any  well-filtered  power  supply  delivering 
approximately  250  volts  at  70  ma.  will  be 
satisfactory.  (Bib.  3.) 

•  SUPERREGENERATIVE  RECEIVERS 

As  mentioned  before,  superregenerative  re- 
ceivers  are  widely  used  on  the  u.h.f.  bands 
that  do  not  have  rigid  stability  requirements 
and  where  the  need  for  selectivity  is  not  too 
great.  They  are  capable  of  excellent  perform¬ 
ance  and,  when  pro perly  adjusted,  have  decided 
noise-discriminating  properties  and  a.v.c.  action. 

The  superregenerative  receiver  is  tuned  in 
a  similar  manner  to  the  regular  regenerative 
receiver  when  used  on  ’phone.  The  regeneration 
control  is  advanced  until  a  hiss  is  heard  and  the 
signal  can  then  be  tuned  in.  It  will  be  found 
that  the  hiss  will  disappear  to  a  greater  or  lesser 
degree,  depending  upon  the  strength  of  the 
signal.  The  most  sensitive  condition  for  the 
superregenerative  receiver  is  at  the  point 
where  the  hiss  first  becomes  marked  —  the 
receiver  will  not  be  in  its  most  sensitive  condi¬ 
tion  with  the  hiss  going  full  blast. 


Fig.  2717 ■ —  A  112-Mc.  receiver  using  1.4-volt  tubes, 
mounted  in  a  5-  by  4-  by  3-inch  can.  The  tuning  knob, 
phone  jack  and  battery  switch  are  seen  on  the  front 
panel  —  the  binding  post  on  top  takes  the  antenna. 
Note  the  C  battery  mounted  in  the  can. 

If  the  receiver  does  not  hiss  evenly  over  the 
entire  band,  it  indicates  that  insufficiënt  feed¬ 
back  is  present  or  that  the  antenna  is  coupled 
too  tightly.  The  tuning  range  of  the  receiver 
is  adjusted  as  in  the  case  of  the  regenerative 
receiver,  by  adjusting  the  inductance  until  the 
center  of  the  band  comes  at  the  center  of  the 
tuning  range.  If  not  enough  bandspread  is 
obtained,  a  smaller  tuning 
condenser  should  be  used. 

No  trouble  should  be  en- 
countered  in  adjusting  a 
superregenerative  receiver  us- 
ing  a  separate  quench  oscil¬ 
lator,  providing  the  quench 
oscillator  oscillates  and  the 
detector  can  also  be  made  to 
oscillate.  The  self-squegging 
type  of  superregenerative  de¬ 
tector  will  require  some  criti- 
cal  adjustment  of  grid-leak 
value  and  feedback  before  it 
is  operating  smoothly.  If 
trouble  is  experienced  with 
makingthe  detector  oscillate, 
the  wiring  should  be  checked 
to  assure  that  no  long  leads 
are  present  which  introducé 
too  much  reactance  into  the 
circuits  at  the  wrong  points. 
On  theultra-high  frequencies, 
a  short  length  of  wire  can  have 
appreciable  inductance  and 


Fig.  2716  —  Plan  view  of  the  56-Mc.  superhet.  The  r.f.  section,  at  right,  is 
separated  from  the  i.f.  amplifier,  second  detector  and  audio  amplifier.  The 
acoru  mixer  and  oscillator  tubes  are  mounted  on  aluminum  partitions. 
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may  act  as  a  choke  coil.  Ground  re¬ 
turns  through  by-pass  condensers 
should  be  kept  short  and  preferably 
should  be  brought  to  one  point  on 
the  chassis. 

A  Compact  112 -Mc.  Receiver 

The  receiver  shown  in  Figs.  2717, 
2719  and  2720  is  a  small  self-quenched 
unit  designed  primarily  for  portable 
work,  although  it  will  perform  as  well 
as  any  otber  similar  receiver  in  home 
operation.  It  uses  the  1.4-volt  loktal 
tubes,  a  1LE3  detector  and  a  1LA4 
audio  amplifier.  A  3  by  4  by  5-inch 
metal  box  (Par-metal  MC-453)  is 
used  to  house  the  receiver,  and  the 
tube  sockets,  tuning  condenser  and 
audio  transformer  are  mounted  on  a 
3  by  4-inch  sub-cbassis  mounted  in 


Fig.  2719  —  A  close-up  view  of  the  chassis  removed  from  the  box. 
Note  that  one  mounting  bracket  (in  back  of  the  transformer)  is 
mounted  above  the  chassis,  while  the  front  bracket  is  mounted  be- 
low.  A  nut  soldered  to  the  antenna  coupling  condenser  makes  con- 
nection  to  the  antenna  post  wire  a  simpte  matter  after  assembly. 


Antenna. 


Ci — 3-15  -aiifd.  mica  compression  trimmer  (National 
M-30  with  top  plate  trimmed). 

Ca — 5-aafd.  midget  variable  (National  UM-15  with 
two  rotor  and  two  stator  plates  removed). 

Cs  —  50-aafd.  mica. 

Gi  —  0.001-gfd.  mica  and  500-aafd.  mica  in  parallel. 
See  text. 

Ti  —  Audio  coupling  transformer  (Thordarson  T13A34). 
Ri  —  5  megohms,  3^-watt. 

Sw  —  S.p.s.t.  toggle. 

C  —  43^-volt  C  battery  (Burgess  A3BPX). 

Li  —  5  turns  No.  14  enam.  J/j-inch  diam.  and  spaced  to 
occupy  3^-inch  winding  length. 

RFC  —  20  turns  No.  24  enam.  closewound,  J^j-inch 
diam.  or  Ohmite  Z-l. 

the  box  by  two  strips  of  J^-inch  angle  brass. 
It  will  be  noted  from  Figs.  2719  and  2720  that 
the  brackets  are  mounted  on  opposite  faces  of 
the  sub-chassis.  This  allows  the  sub-chassis  to 
be  placed  inside  the  box  and  rotated  into  place, 
a  maneuver  that  would  be  impossible  if  both 
brackets  we  re  mounted  on  the  same  side. 

A  low-loss  bakelite  Socket  is  used  for  the  de¬ 
tector  tube  and  an  ordinary  bakelite  loktal 
Socket  is  used  for  the  audio  amplifier.  Both 
sockets  are  ring- mounting  (Amphenol).  The 
mounting  of  the  tuning  condenser  is  a  bit  un- 
conventional  in  that  a  slot  is  cut  in  the  sub- 
chassis  that  will  just  pass  the  Isolantite  end 


plate  of  the  tuning  condenser,  and  the  bracket 
that  mounts  the  condenser  is  mounted  on  the 
opposite  side  of  the  sub-chassis  from  the  tun¬ 
ing  condenser  proper.  This  is  the  only  way  this 
tuning  condenser  and  combination  of  tubes 
can  be  placed  in  the  small  space.  The  induct- 
ance,  L\,  is  soldered  directly  to  the  terminals 
of  the  tuning  condenser,  as  is  the  antenna  cou¬ 
pling  condenser,  Ci.  To  facilitate  connecting 
Ci  to  the  antenna  post  after  the  unit  has  been 
assembled  in  the  box,  a  nut  is  soldered  to  the 
antenna  side  of  Ci,  thus  permitting  a  lug  from 
the  antenna  post  to  be  fastened  conveniently. 

The  A  and  B  batteries  are  carried  outside 
the  receiver,  but  the  C  battery  is  mounted 
inside  the  box.  It  is  held  in  place  by  a  small 
brass  bracket  screwed  to  the  box  and  bolding 
the  positive  terminal  of  the  battery. 

Putting  the  receiver  in  operation  is  similar 
to  any  self-quenched  superregenerative  re¬ 
ceiver.  The  receiver  should  first  be  checked 


Fig.  2720  —  A  view  of  the  other  side  of  the  chassis 
shows  the  position  of  the  tube  sockets  and  the  mounting 
detail  of  the  tuning  condenser. 
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Fig.  2721  —  Circuit  of  an  "Acom”  receiver. 


Li  —  Five  tums  of  No.  14  wire  }4.  -inch  inside  diameter 
with  tuma  spaced  diameter  of  wire,  for  224 
Mc.  Five  aimilar  tinna  J4-inch  diameter  for 
112  Mc. 

Ci  —  Cardwell  Type  ZR  15AS  condenser —  Special 
split-stator  tuning  condenser  —  two  rotor  and 
one  stator  plate  —  the  Iatter  sawed  in  two. 

Ca  —  50  A^fd.  midget  condenser. 

Ca  —  Brass  strip  3/16  inch  wide  mounted  close  to  the 
exposed  surface  of  Ca. 

C4  —  0.002  /ifd.  fixed  condenser. 

Cs  — 10  iifd.  electrolytic  condenser.  C»  —  1  nfd. 

Ri  —  5  to  10  megohms. 

Ra  —  1200  ohm,  one-watt  resistor. 

Ra  — 100,000  ohm  potentiometer.  Note  that  this 
resistor  is  across  plate  supply  and  that,  if 
batteries  are  used,  the  supply  should  there- 
fore  be  disconnected  when  switching  off  set. 

A  41  tube  is  used  as  the  audio  amplifier  and  allows 
speaker  operation.  A  transformer  or  choke-condenser 
coupling  unit  must  be  used  with  this  tube.  For  head- 
phone  work,  a  37  tube  would  be  more  appropriate. 

Quieter  operation  may  sometimes  be  obtained  by 
putting  0.5  megohm  across  the  transformer  secondary. 

with  the  antenna  disconnected  and,  if  it 
doesn’t  squegg  over  the  proper  range,  the  val- 
ues  of  Ri  and  C4  should  be  varied.  It  was 
found  in  this  particular  set  that  two  condens- 
ers  in  parallel  were  needed  at  C<  —  a  0.001-/»fd. 
one  that  was  grounded  at  the  front  of  the  sub- 
chassis  and  500-ppfd.  one  that  was  grounded  at 
a  lug  under  one  side  of  the  audio  transformer. 


Fig.  2722  —  A  three-band  plug-in  coil  separately 
quenched  superregenerative  receiver. 


A  few  trial  connections  will  indicate  the  beet 

positions. 

When  the  receiver  is  squegging  properly,  the 
antenna  can  be  connected  and  the  coupling 
condenser  C 1  adjusted.  It  will  probably  be 
found  that  the  maximum  amount  of  antenna 
can  only  be  used  with  the  condenser  set  at  the 
minimum  capacity  position.  In  any  event,  use 
as  much  antenna  as  is  possible  with  smooth 
operation.  The  receiver  should  give  a  smooth 
hiss  over  the  band  and  not  a  rough  sound  when 
working  correctly. 

The  power  needed  is  simply  a  IJ^-volt  dry 
cell  and  90  volts  of  B  battery.  These  batteries 
are  carried  externally  and  can  be  placed  in  a 
small  box  for  convenience. 

A  Self-Quenched  Acorn-Tube  Receiver 

In  Fig.  2721  is  a  somewhat  similar  type  of 
circuit  except  in  the  type  of  detector  tube  used. 


Ci  —  30-nnfd.  isolantite-insulated  trimmer. 

Ca —  2-plate  midget  variable  (National  UM-15  with 
all  hut  two  plates  removed). 

C3  —  100-npfd.  mica.  Ri  —  5  megohms,  J^-watt. 
Cl,  Cs  —  0.01  -nfd.  paper.  R2  —  500,000-ohm  variable. 
Cs,  C7  —  0.002-nfd.  mica.  Ra  —  2000  ohms,  J^-watt. 
Cs,  Co  —  0.001-nfd.  mica.  Ri  —  50,000  ohms,  J^-watt. 
C10  —  0.5-iifd.  paper.  Rs  —  50,000-ohm  variable. 

Cu  —  0,1-nfd.  paper.  Re  —  10,000  ohms,  1-watt. 

Li  —  56  Mc.:  12  tums  No.  14,  length  1%  inches, 
diameter  inch. 

112  Mc.:  4  tums  No.  14,  length  */%  inch,  diameter 
5^  inch. 

224  Mc.:  1  turn  No.  14,  diameter  inch. 

All  diameters  are  outaide;  all  coils  tapped  at  center. 
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In  this  case  the  acorn  detector,  because  of  its 
extremely  small  elements  and  short  leads, 
allows  operation  on  frequencies  as  high  as  300 
Mc.  This  receiver  is  therefore  a  particularly 
useful  one  in  cases  where  experiment  is  to  be 
conducted  on  the  bands  higher  in  frequency 
than  112  Mc.  The  circuit  itself  is  quite  similar 
to  that  of  Fig.  2718  except  in  minor  details. 
The  grid  resistor  is  again  connected  to  the  coil 
carrying  high  voltage  but  in  some  instances  it 
is  preferable  to  run  it  in  the  conventional 
manner  between  the  grid  and  cathode.  The 
other  important  difference  in  this  circuit  is  that 
the  tuning  condenser  is  of  the  split-stator  type. 
By  splitting  the  stator  plates  of  the  small  tun¬ 
ing  condenser  used,  the  path  through  the 
condenser  is  reduced  in  length  and  extremely 
short  connections  between  the  coil  and  con¬ 
denser  are  made  possible.  The  suggested  sizes 
for  coils  for  the  two  bands  are,  of  course, 
approximate  only.  Slight  variation  of  the 
length  of  the  leads  within  the  tuned  circuit 
will  result  in  modification  of  the  coils.  Fortu- 
nately,  small  variations  of  the  inductance  can 
be  made  readily  by  spacing  the  turns  until  the 
desired  tuning  range  is  obtained. 

A  Three-Band  Superregenerative  Receiver 
with  Separate  Quench  Tube 

As  the  circuit  (Fig.  2723)  shows,  the  receiver 
employs  three  tubes.  A  Type  HY-615  high- 
frequency  triode  is  used  as  the  detector,  and 
6C5  triodes  are  found  in  both  the  quench  and 
audio  stages.  The  set  may  be  considered  to  be  a 
“general  purpose”  unit,  since  it  may  be  oper- 
ated  from  battery  power,  as  well  as  the  usual 


Fig.  2724 —  Top  view  of  the  plug-in  coil  receiver 
with  a  56-Mc.  coil  in  place.  Notice  the  closely  grouped 
components  of  the  detector  circuit.  The  quench  coil  is 
«t  the  left  rcar  corner  with  the  quench  tube  just  to  the 
right. 


Fig.  2725  —  Bottom  view  of  the  plug-in  coil  receiver. 
Parts  are  arranged  for  the  prime  purpose  of  obtaining 
short  ground  connections. 

power  pack,  is  compact  and  portable,  and  the 
plug-in  coils  permit  instantaneous  operation 
on  any  of  the  two  ultra-high-frequency  bands. 

The  top  view,  Fig.  2724,  shows  the  compact- 
ness  of  the  detector  circuit  layout.  This  por- 
tion  of  the  circuit  is  arranged  as  shown  on  the 
6  by  4J^  by  2-inch  aluminum  base.  The  parts 
line-up  across  the  panel  side  of  the  chassis  is  as 
follows:  At  the  left,  supported  by  a  small  stand- 
ofï  insulator,  is  the  antenna  coupling  condenser, 
Ci.  To  the  right  of  Ci  is  the  detector  circuit 
consisting  of  the  tuning  condenser,  C2,  the 
plug-in-coil  assembly  and  the  detector  tube. 
The  audio  tube  is  at  the  right.  Across  the  back 
from  right  to  left  are  the  quench-coil  unit,  the 
quench  tube  and  the  audio  transformer. 

The  coil-socket  is  mounted  on  pillars  be¬ 
tween  the  condenser  and  the  tube,  high  enough 
so  that^its  prongs  are  in  line  with  the  tube  caps 
and  the  condenser  lugs.  Of  the  three  prongs 
forming  a  small  triangle  at  the  center  of  the 
socket,  the  two  along  the  side  face  the  con¬ 
denser  and  the  single  prong  faces  the  tube. 
The  single  prong  is  the  terminal  to  which  the 
quench  lead  and  coil  tap  are  connected.  A 
fourth  prong,  located  at  the  panel  end  of  the 
form,  is  connected  to  the  grid  side  of  Cz.  The 
antenna-coupling  condenser  is  connected  to 
this  point. 

The  opposite  view,  Fig.  2725,  shows  the 
placement  of  the  by-pass  condensers,  resistors, 
switch  and  headphone  jack,  and  the  potenti- 
ometers.  By-passing  must  be  as  direct  as  pos¬ 
sible  and  preferably  to  not  more  than  one  or 
two  points.  The  plate  and  filament  voltage 
cable  enters  the  chassis  through  a  hole  in  the 
rear  wall. 

In  the  panel  view,  Fig.  2722,  the  tuning  dial 
is  at  the  left  with  the  jack  and  switch  just 
below.  The  small  dial  at  the  bottom  right  edge 
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is  on  the  volume  control  and  the  adjacent  one 
on  the  regeneration  control.  The  panel  meas- 
ures  5  lA  by  7  inches. 

Construction  of  the  coils  is  quite  simple,  as 
indicated  by  Fig,  2724.  Each  is  soldered  di- 
rectly  to  the  appropriate  Iugs  on  the  form.  The 
position  of  the  tap  is  not  particularly  critical; 
tapping  at  approximately  the  center  of  the  coil 
should  be  sufficiënt.  Each  coil  covers  slightly 
more  than  the  intended  band,  with  the  band 
itself  spread  over  approximately  75  divisions 
of  the  dial.  Data  on  a  56-Mc.  coil  is  also 
included. 

The  total  current  drain  of  the  receiver  is  18 
milliamperes,  5  ma.  each  for  the  detector  and 
quench  tubes  and  8  for  the  audio  stage. 

The  antenna  loading  is  not  too  critical;  al- 
most  any  length  of  wire  can  be  coupled  to  the 
detector,  through  C\,  without  overloading  the 
circuit.  Of  course  the  capacity  of  Ci  must  be 


slightly  less  than  that  used  in  L*,  but  this  de* 
pends  upon  the  order  of  coupling  between  the 
two  coils  and  the  order  of  freedom  with  which 
the  detector  superregenerates.  One  of  the  diffi- 
culties  in  this  arrangement  is  in  providing  a 
suitable  mechanical  arrangement  for  mounting 
the  coils.  may  be  wound  on  a  form  of  some 
good  insulating  material  with  the  turns  of  Lj 
occupying  the  spaces  between  the  turns  of  Li 
but  many  workers  pref  er  to  avoid  any  dielectric 
in  the  field  of  u.h.f.  coils.  Then,  L3  may  be 
wound  on  a  slightly  smaller  form  pushed  inside 
the  turns  of  Li.  One  effective  alternative 
scheme  is  to  make  Lj  of  about  30  gauge  d.s.c. 
wire  with  the  turns  cemented  to  the  turns  of 
Li  with  Duco  cement  or  its  equivalent.  Yet 
another  method  is  to  make  L3  a  self-supporting 
coil  of  No.  18  wire  of  a  diameter  just  sufficiënt 
to  slide  inside  Li.  In  this  case,  L3  might  well  be 
mounted  from  small  stand-oS  insulators. 


varied  to  suit  the  particular  band. 

Superregenerative  Receivera  with  R.F. 

Amplifiers 

One  important  disadvantage  of  the  simple 
superregenerative  receivers  just  described  is 
that  they  are  capable  of  strong  radiation.  Also, 
as  we  have  already  stated,  they  are  extremely 
unselective.  Prevention  of  radiation  and  some 
improvement  in  selectivity  is  made  possible 
by  adding  an  r.f.  amplifier  stage  ahead  of  the 
superregenerative  detector.  Fig.  2726  illus- 
trates  various  methods  of  coupling  the  r.f. 
stage  to  the  detector.  All  of  them  have  been 
shown  to  be  effective  in  practice  but  each  has 
its  particular  points  of  merit.  The  circuit  shown 
at  “A”  will  be  recognized  as  an  example  of 
conventional  transformer  coupling  with  nor- 
mal  wiring  of  the  r.f.  amplifier  itself.  The  best 
number  of  turns  for  L%  will  usually  be  just 


The  arrangement  shown  at  “B”  in  Fig. 
2726  is  particularly  suitable  in  receivers  hav- 
ing  the  high  voltage  applied  to  the  detector 
coil  as  in  Figs.  2721  and  2723.  The  plate  lead 
is  merely  tapped  near  the  grid  end  of  the  de¬ 
tector  coil  with  no  other  modification  to  the 
detector  circuit. 

Circuit  “C”  in  the  same  illustration  is  a 
general-purpose  affair  suited  for  almost  any 
receiver.  In  this  arrangement  the  plate  voltage 
is  applied  to  the  r.f.  tube  plate  through  a  good 
u.h.f.  choke,  a  coupling  condenser  of  5  to  15 
ju/ifd.  then  being  connected  between  the  r.f. 
plate  and  the  grid  end  of  the  detector  coil. 
Coupling  is  varied  by  changing  the  capacity 
of  C. 

In  all  of  the  circuits  the  most  important 
adjustment  is  the  order  of  coupling  between 
the  r.f.  tube  and  the  detector.  The  superregen¬ 
erative  detector  is  extremely  sensitive  to 
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changes  of  the  load  on  its  grid  circuit 
i  and  usually  operates  most  effeetively 
.  when  heavily  loaded.  On  the  other 

=■  hand,  tight  coupling  and  the  conse- 

Fig.  2726  —  Three  effective  methods  of  coupling  an 
R.F.  amplifier  to  the  superregenerative  deteetor.  As- 
suming  that  the  r.f.  amplifier  is  a  954  aeorn,  suitable 
values  for  the  various  components  marked  will  he: 


R.F  AMR 


Ki  —  1500-obm  half-watt. 

Ra  —  100,000-ohm  half-watt. 

Cl,  Ca  — 15  itftid.  Some  difficulty  may  be  had  in  mak- 
ing  tbe  two  condensers  "track”  if  a  eonventional 
tube  is  used  as  a  deteetor.  If  single  dial  opera  tion 
is  essential,  Ci  may  he  loaded  with  a  15-gpfd. 
trimmer  in  parallel  to  provide  the  equivalent 
of  the  higher  tube  eapacity  across  Li.  A  separate 
control  for  Ci  or  a  parallel  trimmer  condenser 
available  for  control  from  the  front  panel  is  very 
desirable. 

La  will  be  exactly  similar  to  Lr  —  the  usual  detector 
grid  coil.  Li  should  comply  with  the  specifica tions 
given  for  the  usuat  antenna  coil.  Since  variation  of  its 
coupling  will  have  relatively  Iittle  effect  on  the  regen¬ 
eration  in  the  detector  it  may  usually  be  operated 
closer  to  the  grid  coil  than  would  be  possible  in  the 
receiver  lacking  an  r.f.  stage. 
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quent  heavy  loading  of  the  detector  will  not 
allow  the  maximum  possible  r.f.  selectivity. 
The  coupling  adjustment  should  therefore  be 
varied  to  give  the  desired  optimum  perfor¬ 
mance  considering  both  selectivity  and  sensi- 
tivity. 

Suitable  Tubes  for  R.F.  Amplifiers 

The  types  954  and  956  acorn  pentodes  are, 
without  the  slightest  doubt,  the  most  effective 
r.f.  amplifiers  for  112  Mc.  and  above.  They  are, 
indeed,  so  far  superior  to  the  conventional  glass 
or  metal  tubes  that  the  serious  u.h.f.  worker 
is  rarely  inclined  even  to  consider  using  any- 
thing  else.  Even  on  56  Mc.  the  954  and  956  are 
incomparably  superior  to  the  normal  screen- 
grid  pentode,  although  the  special  types  1852 


and  1853  are  quite  effective  at  this  frequency. 

In  general  it  will  be  found  that  quite  simple 
shielding  will  serve  to  prevent  oscillation, 
providing  the  by-passing  has  been  done  care- 
fully.  A  simple  baffle  is  probably  the  most 
practical  arrangement  for  the  acorn  —  the 
tube  socket  being  mounted  on  the  bafffe  or 
partition  and  the  tube  grid  protruding  through 
a  small  hole  in  the  metal.  The  most  satisfactory 
socket  available  for  this  type  of  amplifier  is 
the  National  Type  XMA  metal  socket.  Ex¬ 
cellent  by-passing  is  possible  with  this  par- 
ticular  design. 
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Transmitters  and  Transteivers 
f#r  the  U.HX 

Crystal-Controlled  and  Self-Excited  Transmitters  —  Trans- 
ceivers  and  Transmitter-Receivers  for  Portable/ Mobile  Work 

Although  most  of  the 
transmitters  described  in 
Chapter  Ten  can  be  used  on 
the  28-Mc.  band,  the  long 
leads  and  high  minimum  ca- 
pacities  of  the  tuning  con- 
densers  make  it  desirable  to 
design  special  equipment  for 
the  56-Mc.  band.  Further, 
the  excitation  requirements 
for  the  same  tubes  are  usually 
greater  on  28  and  56  Mc., 
and  exciter  units  designed 
for  these  ranges  should  be 
used.  The  general  practice 
is,  however,  exactly  the  same, 
except  that  particular  care 
must  be  taken  in  the  layout 
of  components  (for  short, 
direct  leads)  and  in  the  selec- 
tion  of  tubes.  It  is  well  to 
work  with  tubes  designed  for 
the  higher  frequencies. 

This  chapter  will  describe 
several  different  complete 
transmitters  designed  for  the 
28-  and  56-Mc.  range,  vary- 
ing  in  power  output  from  a 
few  watts  (for  mobile  work)  to  several  hundred.  one  of  these  as  the  exciter  unit  to  drive  a 
Higher-powered  transmitters  can  be  built  using  higher-powered  final  amplifier  built  with  the 

same  design  considerations. 

These  transmitters  are  designed 
primarily  for  amplitude  modulation 
and  c.w.  — transmitters  using  f.m.  for 
the  56-  and  112-Mc.  bands  will  be 
found  in  Chapter  Twenty-Nine. 

A  Medium-Power  Exciter  for  10 
and  5  Meters 

The  photographs  of  Figs.  2801, 2802 
and  2804  show  views  of  an  exciter  ca- 
pable  of  delivering  approximately  50 
watts  output.  Referring  to  Fig.  2803, 

Fig.  2801  —  A  panel  view  of  the  medium- 
power  exciter.  Dials  for  the  6L6,  807  and 
HK-54  plate  tuning  condengers  and  the 
swinging  link  run  from  left  to  right,  respec- 
tively.  The  meter-gwitch  knob  ig  at  the  lower 
left  edge  of  the  panel,  and  the  filament  pilot 
light  jack  ia  on  the  same  line  and  to  the  right. 
The  panel  measurea  10  H  by  19  inches. 
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Fig.  2802  —  The  top  view  of  the  28-  and  56-Mc.  exciter.  The  oacillator  plate 
coil  is  supported  by  the  base  of  a  1-inch  coil  form;  the  winding  portion  of  the 
form  hag  been  cut  away  flush  with  the  base. 
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a  6L6  Tri-tet  oscillator  using  a  7-Mc.  crystal 
quadruples  to  28  Mc.  The  807  intermediate  am- 
plifier  drives  the  HK-54  as  a  straight-through 
amplifier  at  28  Mc.  or  as  a  doubler  to  56  Mc. 

Fig.  2801  shows  the  unit  built  on  a  10  by  17 
by  3-inch  chassis.  The  plate  tuning  condensers 
are  mounted  above  the  base  and  the  cathode 
tuning  condenser  is  mounted  on  the  chassis 
wall  as  may  be  seen  in  Fig.  2804.  L 2  and  L&  are 
equipped  with  plug-in  bases  in  order  that  oper- 
ation  with  14-  and  28-Mc.  crystals  may  be 
tried  if  desired.  L%  is  supported  above  C3  by  a 
small  bracket  and  a  metal  pillar;  the  bracket 
runs  between  the  condenser  shaft  and  the  front 
end  of  the  coil  socket,  and  the  pillar  elevates 
the  rear  end  of  the  Socket.  The  807  plate  lead  is 
connected  two  turns  down  from  the  hot  end  of 
the  coil.  This  allows  the  plate  lead  to  be  short 
and  helps  to  prevent  the  double-resonance 
effect  frequently  encountered  with  circuits 
employing  beam-power  tubes.  The  final  ampli¬ 
fier  tank  circuit  uses  a  swinging-link  assembly 
for  output  coupling.  Input  and  output  termi¬ 


nals  are  mounted  on  the  rear  wall  of  the  chassis. 
The  jacks  at  the  right  and  left  ends  are  for  the 
input  and  output  connections;  an  input  jack 
was  included  so  that  the  output  of  a  frequency- 
modulator  unit  can  be  fed  into  the  Tri-tet 
oscillator  if  desired.  Two  terminals  are  pro- 
vided  for  the  positive  plate-voltage  leads  and 
the  bias,  key  and  negative-voltage  leads  are 
brought  to  a  four-terminal  connector  strip. 

Fig.  2804  shows  a  meter  switch  installed  so 
that  plate  and  grid  current  readings  can  be 
made  with  the  same  meter.  The  HK-54  plate 
circuit  is  not  included  in  this  arrangement  be- 
cause  the  amount  of  power  supplied  to  this 
stage  makes  it  desirable  that  a  separate  meter 
be  used.  The  filament  transfprmers  may  be 
seen  at  the  rear  of  the  chassis  and  the  cathode 
coil,  L\,  is  shown  mounted  on  the  cathode 
condenser  lugs.  A  jack  for  the  filament  pilot 
bulb  is  fastened  to  the  front  wall  of  the  chassis. 

A  600-voIt  power  supply  delivering  200-ma. 
should  be  used  for  the  6L6  and  807  stages  and  a 
1000-volt  200-ma.  supply  is  needed  for  the 


6L6 


807 


HKS4- 


Ci  —  35-120-aafd.  padder  condenser 
(Meissner  22-7027). 

Ca  —  35-»i>ifd.  midget  yariable(Card- 
well  ZR-35-AS). 

Cs  —  30-ji/ifd.  midget  Tariable  (Card- 
well  ZT-30-AS). 

C4  —  35-jjafd.  each  section  dual 
transmitting  condenser 
(Millen  13035). 

Cs,  Cs,  C7  —  0.0005-^fd.  mica. 

Cs  —  0.002-afd.,  2500-volt  mica. 

Li  —  11  turns  No.  18  enam.  spaced  to  occupy  l.inch 
length,  %-inch  diam. 

La  —  5  turns  No.  14  apaced  to  occupy  J^-inch  length, 
1-inch  diameter. 

*La  — 10  turns  No.  12  spaced  to  occupy  lj^-inch 
length,  1-inch  diameter. 

fLé  —  28  Mc.:  8  turns  of  %-inch  copper  tube;  4  tums 
each  side  c.t.  with  turns  separated  diam.  of 
tubing,  2  3^-inch  diameter,  lj^-inch  space  be¬ 
tween  windings  for  e  win  ging  link  injection. 

56  Mc.:  4  tums  of  J^-inch  copper  tube.  2  tums 


Cs,  C10  —  0.002-afd.  mica. 

C11-C17  —  O.ül-jLifd.,  600-yolt  paper. 
Cis  —  Neutralizing  condensers  (Na¬ 
tional  NC-800). 

Ri  —  20,000  ohms,  1  -watt. 

Ra  —  200  ohms,  1-watt. 

R3  —  25,000  ohms,  50-watt. 

R<  —  25,000  ohms,  1-watt. 

Rs  —  20,000  ohms,  10-watt. 

Rs  —  30,000  ohms,  10-watt. 

R7  —  3,000  ohms,  25-watt. 


Rs  —  25,000  ohms,  25-watt. 

R9,  R10,  Rn,  Ria  —  25  ohms,  Yï' 

R.F.C.i  —  R.f.  choke,  2.5  mh.  (Na¬ 
tional  R-100). 

Ti  —  6.3  V.,  2  Amps.  (Thordarson 
T-19F81). 

Ta  —  5  V.,  5  Amps.  (Thordarson 
T-19F83). 

R.F.C.2  —  R.F.C.  4  —  U.h.f.  r.f. 
chokes  (Ohmite  Z-l). 
each  side  c.t.  with  tums  separated  I^-inch,  2- 
inch  diameter.  1^2-inch  space  between  windings. 

‘Mounted  on  Millen  No.  40205  midget  plug;  plug 
uses  No.  41205  socket. 

t  Mounted  on  Barker  and  Williamson  TV  base  as¬ 
sembly.  The  assembly  is  complete  with  the  swinging 
link  and  a  socket  for  the  coils.  Coils  use  B&WT  plug 
bar  No.  A62. 

Output  link  consists  of  three  tums  No.  14  enam., 

tums  separated  diam.  wire,  21'2-inrh  diam. 
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Fig.  2804  —  A  bottom  view  of 
the  6L6-807-HK-54  exciter.  The 
mductance  of  the  cathode  coi], 
shown  at  the  right,  plays  an  impor¬ 
tant  part  in  the  oscillatorperform- 
ance.  The  coil  should  be  carefully 
pruned  for  Iow-crystal  current 
and  satisfactory  plate  circuit 
output.  Crystal  current  may  be 
checked  with  the  aid  of  the  60  ma. 
pilot  bulb  shown  connected  in 
series  with  the  crystal;  proper 
plate  circuit  output  will  be  indi- 
cated  by  suitable  readingB  of  the 
807  grid  current.  The  a.c.  line 
cord  for  the  filament  transform- 
ers  runs  straight  out  of  the  top 
of  tbe  chassis. 


HK-54.  The  807  requires  90  volts  of  fixed  bias 
to  insure  that  trouble  with  oscillation  will  not 
occur.  The  final  should  have  45  volts  of  fixed 
grid  bias  applied  to  prevent  damage  to  the  tube 
should  excitation  fail.  Resistors  R3  and  R^ 
should  be  adjusted  to  reduce  the  600-volt 
supply  output  to  values  suitable  for  the  6L6 
screen  grid  and  plate;  the  screen  grid  requires 
200  volts,  and  400  volts  should  be  applied  to 
the  plate.  When  operated  under  these  condi- 
tions  the  oscillator  will  draw  between  90  and 
100  ma.  plate  current,  the  807  grid  current  will 
be  1  to  1.5  ma.,  and  the  plate  will  draw  from 
50  to  60  ma.  The  grid  current  to  the  HK-54 
will  be  20  to  25  ma.,  and  the  plate  current  can 
be  as  high  as  100  ma.,  loaded.  Approximately 
50  watts  output  may  be  expected  at  56  Mc., 
and  slightly  more  on  28  Mc. 

A  power  amplifier  or  low-impedance  antenna 
feed  line  may  be  connected  directly  to  the 
swinging  link  output  terminals.  The  unit 
should  be  link  coupled  to  an  antenna  tuner  if 
the  antenna  uses  tuned  feeders  or  a  high- 
impedance  flat  line. 

A  Medi um -Power  Push -Pull 
Amplifier 

The  push-pull  amplifier  shown  in 
Figs.  2805,  2807  and  2808  can  be  plate 
modulated  at  both  28  and  56  Mc.  The 
d.c.  plate  input  can  be  as  high  as  300 
watts  (roughly  1250  volts  at  250  ma.) 
at  28  Mc.,  and  200  watts  at  56  Mc. 

(1000  volts  at  200  ma.).  During  peri¬ 
ode  of  c.w.  operation  it  is  permissible 
to  run  the  tubes  up  to  the  full  ICAS 

Fig.  2805  —  A  front  view  of  the  medium- 
power  push-pull  amplifier.  The  large  dials 
at  the  center  and  right  are  mounted  on  the 
plate  tuning  condenser  and  swinging-link 
shafts.  The  filament  pilot  light  is  at  the  left 
with  the  grid -condenser  knob  below. 
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rating  of  450  watts.  It  is  intended  that  the 
amplifier  will  be  driven  by  an  exciter  similar  to 
the  one  shown  in  Figs.  2801-2804. 

The  circuit  diagram  of  the  amplifier  is  given 
in  Fig.  2806.  It  is  recognized  as  a  Standard  ar¬ 
rangement  with  the  exeeption  of  two  features; 
the  rotor  plates  of  the  plate  tuning  condenser 
are  not  grounded  and  the  usual  plate  circuit 
r.f.  choke  is  omitted.  It  was  found  that  ground- 
ing  of  the  rotor  plates  presented  no  particular 
advantage  as  far  as  circuit  balance  or  efficiency 
was  concerned.  However,  the  absence  of  a 
ground  connection  does  remove  the  voltage 
potential  across  the  condenser  plates  and  it  is 
therefore  possible  to  use  a  condenser  with 
smaller  spacing  between  plates  than  ordi- 
narily  required.  The  r.f.  choke  was  omitted 
because  it  tended  to  encourage  parasitic  os- 
cülations. 

Fig.  2807  shows  how  the  parts  are  laid  out  on 
a  10-  by  17-  by  3-inch  chassis.  The  grid  coil  is 
visible  at  the  right  end  of  the  chassis  and  the 
plate  coil  is  to  the  extreme  left.  In  between, 
the  tubes  and  the  plate  and  neutralizing  con- 
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Fig.  2806  —  Circuit  diagram  of  the 
medium-power  push-pull  amplifier. 

Ci  —  100-aafd.  each  section  dual 
(Hammarlund  HFBD-100- 

C). 

C2  —  33-MMfd.  each  section  dual 
transmitting  condenser  (Mil- 

len  13035). 

Ca,  C4  —  Neutralizing  condensers 
(National  NC-800). 

Cs,  Ce  —  0.005-nfd.  midget  mica. 

Ri  —  1500  ohms,  10-watt. 

Ti  —  6.3  volts,  10-amp.  (Thordarson 
T-19F99). 

Li  —  28  Mc:  4  turns  No.  12,  lj^-inch 
long,  2-inch  diam.  (Barker 
and  Williamson  10BL  with 
4  turns  removed). 

56  Mc:  2  turns  No.  12,  J^-inch 
long,  1-inch  diam.  (Mounted 
on  Barker  and  Williamson 
B-Plug  Bar  No.  A64). 

Ls —  28  Mc:  6  turns  IHs-inch  copper 
tuhing;  3%-inch  long,  2 Cl¬ 


inch  diam.  Coil  is  made  in  2 
sections  each  section  having 
3  turns;  1  J^-inch  space  he- 
tween  sections  (Barker  and 
Williamson  ÏOTVL). 

56  Mc:  2  turns  %-inch  copper 
tubing,  y(-inch  long,  l,1  3 -inch 


diam.  (Mounted  on  Barker 
and  Williamson  T-Plug  Bar 
_  No.  A62). 

Swinging  Link  —  3  turns  No.  14, 
spaced  diam.  wire,  2H->nch 
diam.  (Barker  and  William- 
gon  TV  Base  Assembly). 


densers  are  located  to  allow  the  shortest  leads. 
The  tube  sockets  should  be  mounted  above  the 
base  as  shown.  Input  and  output  jack  strips 
may  be  seen  at  the  right  and  left  ends  of  the 
rear  chassis  wall.  A  high-voltage  safety 
terminal  is  mounted  for  the  d.c.  input  lead  and 
the  negative  lead  goes  to  the  two-screw 
terminal  strip  at  the  center;  the  positive  bias 
lead  is  brought  to  this  strip  also.  The  cord 
emerging  at  the  right  is  the  1 10- volt  line  cord 
for  the  filament  transformer. 

Operation  and  adjustment  of  the  amplifier 
are  conventional.  The  only  feature  which 
might  be  confusing  to  an  operator  is  that  the 
circuit  needs  re-neutralizing  when  changing 
from  one  band  to  the  other.  This 
is  apparently  caused  by  some  transit- 
time  phenomena  occurring  in  the 
tubes  because  of  the  high-frequency 
operation.  A  45-  or  90-volt  fixed  bias 
supply  should  be  used  in  series  with 
the  grid  leak  during  c.w.  operation. 

The  maximum  grid-current  rating  of 
50  ma.  can  be  attained  with  the  rec- 
ommended  grid  resistor  and  45  volts 
of  fixed  bias.  If  the  fixed  voltage  is 
increased  it  is  wise  to  lower  the  leak 
resistance.  Fixed  bias  need  not  be 
employed  for  phone  work. 

A  100-watt  modulator  will  supply 
sufficiënt  audio  for  56-Mc.  operation 
with  the  amplifier  running  at  the  rec- 
ommended  200-watts  input.  The  mod¬ 
ulator  should  be  capable  of  delivering 
150-watts  output  if  the  amplifier  is  set 
up  as  a  300-watt  unit  at  28  Mc.  A  low- 
impedance  feed  line  may  be  connected 
directly  to  the  output  link  or  a  high- 
impedance  antenna  can  be  coupled 
in  by  using  an  appropriate  antenna 
tuner  link-coupled  to  the  final. 


•  A  COMPACT  5-  AND  10-METER 

TRANSMITTER 

A  small  crystal-controlled  transmitter  capa¬ 
ble  of  operation  on  either  28  or  56  Mc.  is 
shown  in  Figs.  2809,  2810  and  2812.  Because 
of  its  small  size  and  power  requirements  (300 
volts  at  100  ma.)  it  is  particularly  adaptable 
to  56-Mc.  mobile  work,  operating  nicely  from  a 
small  vibrator  pack.  As  can  be  seen  from  the 
wiring  diagram  in  Fig.  2811,  one  half  of  a  6E6 
doublé  triode  is  used  as  a  crystal  oscillator  on 
28  Mc.  to  drive  the  other  half  of  the  6E6  as  a 
neutralized  amplifier  on  28  Mc.  or  as  a  fre- 
quency-doubler  on  56  Mc.  A  single  6F6  is  all 
that  is  necessary  for  the  audio  end  when  work- 


Fig.  280 7  —  A  rear  view  photograph  of  the  push-pull  amplifier. 
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Fig.  2808  —  This  bottom  view  of  the 
push-pull  amplifier  shows  the  placement 

of  the  grid  condenser  and  the  filament 
transformer.  The  grid  leak  and  the  fila¬ 
ment  by-pass  condcnsera  are  the  only 
other  component»  below  the  chassis. 


ing  from  a  single-button  carbon  microphone. 
A  meter  switch  allows  metering  of  the  oscilla- 
tor,  amplifier,  or  combined  amplifier  and 
modulator  currents.  The  on-off  switch  on  the 
panel  also  cuts  the  microphone  current  when 
the  transmitter  is  not  on  the  air. 

The  transmitter  is  housed  in  a  cabinet  8 
inches  long,  7  inches  high  and  7  inches  deep. 
The  chassis  is  inches  high  but  is  mounted 
slightly  higher  than  this  on  the  panel,  to  ac- 
commodate  the  parts  more  readily.  Two  flash- 
light  cells  mounted  under  the  chassis  furnish 
current  for  the  microphone.  The  tuning  con- 


densers  are  insulated  from  the 
chassis  by  mounting  them  with  in- 
sulating  washers  on  the  front  pan¬ 
el,  and  the  neutralizing  condenser 
is  insulated  by  mounting  it  on 
small  brass  pillars  under  the  chas¬ 
sis.  Wiring  to  the  on-ofï  switch, 
which  is  near  the  final  tank  coil,  is 
run  through  shielding  braid,  to 
minimize  r.f.  pick-up.  The  power 
leads  are  brought  to  a  four-prong 
male  plug  at  the  rear  of  the  set, 
and  provision  for  connecting  to 
a  concentric  line  feeding  the  an¬ 
tenna  is  made  by  bringing  the  antenna  leads 
to  a  suitable  connector  at  the  rear  of  the  set. 

In  operation,  the  transmitter  handles  as 
does  any  conventional  oscillator-amplifier 
combination.  After  the  oscillator  has  been 
made  to  work  —  it  may  fee  a  bit  tricky  and  the 
crystal  may  need  cleaning  —  the  amplifier  is 
neutralized  (with  the  plate  current  lead 
opened)  and  then  the  amplifier  can  be  loaded 
and  the  modulation  applied.  With  a  300-volt 
supply,  the  oscillator  current  and  the  amplifier 
current  will  each  run  about  30  ma.,  the  ampli¬ 
fier  dipping  to  from  5  to  20  ma.  unloaded. 
On  56  Mc.,  the  5-meter  final  tank  coil  is 
plugged  in  and  the  circuit  retuned.  The  dip 
will  be  much  less,  but  the  meter  will  clearly 
show  the  resonance  point  of  the  circuit. 

A  grounded  quarter-wave  antenna,  fed  at 
the  bottom  by  coaxial  cable,  will  be  satisfac- 
tory  for  mobile  work,  although  a  half-wave 
antenna  will  give  a  better  signal  but  compli- 
cates  feeding. 


Fig.  2809  —  A  compact  5-  and  10-meter  transmitter 
for  portable  or  home  use.  Meter  switch  and  on-off  switch 
at  the  top  of  the  panel,  and  tuning  condenser  Controls 
at  the  bottom.  To  prevent  its  loss,  the  final  tank  coil  not 
in  use  is  plugged  in  to  a  jack  on  the  under  side  of  the 
cabinet  top. 


•  A  TRANSMITTER  FOR  MOBILE  WORK 

A  complete  28-  and  56-Mc.  transmitter  and 
modulator  is  shown  in  Figs.  2813  and  2815. 

To  avoid  the  use  of  more  than  one  exciter 
stage,  and  to  concentrate  as  much  power  as 
possible  in  the  final  and  modulator,  a  20-meter 
crystal  is  employed  in  an  89  Tri-tet  circuit.  The 
89  is  not  critical  as  to  crystals  and  provides 
more  than  enough  drive  even  when  doubling 
in  the  807  final,  although  not  quite  enough  to 
permit  the  use  of  a  40-meter  crystal  for  5- 
meter  operation. 

The  89  doublés  to  10  meters,  with  the  807 
working  straight  through  for  10-meter  opera¬ 
tion  and  doubling  for  5-meter  service.  Actual 
measurements,  working  the  807  into  a  non- 
inductive  load,  show  the  5-meter  output  to  be 
only  20  per  cent  less  than  when  working 
straight  through  on  10  meters.  The  actual 
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Fig.  2811  —  The  6E6-6F6  5-  and  10-meter  ’phone. 

Ci  —  50-jijifd.  midget  (Hammarlund  HF-50). 

C2  —  50-jmfd.  each  gection  dual  midget  (Hammarlund 
HFD-50). 

C3 — -15-pjifd.  neutralizing  condenger  (Hammarlund 
HF-15X). 

C4  —  0.0001-^fd.  mica. 

Cs  —  0.005-^fd.  mica. 

Ca  —  0.005-iifd.  mica.  Shunted  by  10-nfd.  electrolytic  if 
any  frequency-modulation  ig  encountered. 

C7  —  0.005-jifd.  mica  or  paper,  1000-volt  rating. 

Cs  —  25  w fd.,  25-volt  electrolytic. 

Rl,  Rs  —  400-ohm,  1-watt. 

R2  —  75,000-ohm,  1-watt. 

R4,  Ra  —  20-ohm,  J^-watt. 

RFC  —  2.5  mb.  r.f.  choke. 

Swi  —  D.p.d.t.  toggle  gwitch. 

Sw2  —  Four-pogition  three-contact  gwitch. 

Ti  —  Single-button  microphone  trangformer  (Thordar- 
gon  T-86A02). 

L  —  30-henry,  80  ma.  choke  (Thordargon  T-44C02). 

Li  —  6  turag  No.  12,  J^-inch  diam.,  %-inch  long. 

L2  28  Mc.:  12  turn g  No.  12,  %-iiich  diam.,  gpaced 

diam.  of  wire, 

56  Mc.:  6  tumgNo.  12,  ^4 -inch  diam.,  lj^-inch  long. 
M  —  0-100  ma. 


Fig.  2810  —  With  the  cabinet  removed,  the  placement 
of  partg  of  the  compact  'phone  can  he  geen.  The  power 
plug  and  connector  for  the  antenna  feed  line  cable  fit  in 
clearing  holeg  at  the  rear  of  the  cahinet. 

figures  were  15  watts  on  10  and  12  watts  on  5; 
both  with  28  watts  into  the  807. 

The  antenna  matching  network  arrange¬ 
ment  is  ideally  suited  for  mobile  work,  where 
antenna  and  feeder  values  can  be  almost 
anything  —  and  usually  are.  Twisted  pair, 
spaced  pair,  concentric  line  or  single  feeder 
—  this  matching  network  takes  them  all  in 
stride.  Simply  by  varying  the  capacity  of  Cs, 
anything  from  a  few  ohms  up  to  several  hun- 
dred  can  be  accurately  matched. 

The  Class-B  modulator  using  a  6N7  repre- 
sents  an  economical  arrangement  for  full 
carrier  modulation.  The  input  and  output 
transformers  are  tapped  to  provide  wide  lee- 
way  for  matching.  The  6J5  fully  drives  the 
6N7  when  fed  from  a  single-hutton  carbon 
mike  at  normal  voice  level.  Static  plate-cur- 
rent  drain  for  the  entire  audio  system  is  be- 
tween  35  and  45  ma.,  depending  on  voltage. 
Peak  current  is  between  50  and  70  ma. 

All  connections  for  filament  and  plate  sup- 
ply,  as  well  as  for  the  microphone  and  micro¬ 
phone  battery,  are  provided  in  a  single  plug 
socket  mounted  on  the  rear  of  the  chassis. 
The  transmitter  is  small  enough  to  mount  in  a 
14-  by  8-  by  7-inch  Par-met  cabinet  as  shown 
in  the  photographs.  A  meter  on  the  front 
panel,  with  jacks  in  the  oscillator  and  807 
cathodes  and  the  807  grid  circuit,  provide  for 
all  necessary  measurements  when  tuning  up 
the  rig.  Filament  and  plate  switches  could 


Fig.  2812  —  The  tuning  condensors  and  the  neu¬ 
tralizing  condenger  are  mounted  underneath  the  chasgig 
—  see  text  for  detailg  on  mounting  them. 
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have  been  included  in  the  transmitter  but 
were  omitted  in  favor  of  remote  switching  from 
the  car  dash  (or  operating  table).  (Bib.  1.) 

•  A  56-  AND  112-MC.  AMPLIFIER 

The  56-  and  112-Mc.  amplifier  shown  in 
Figs.  2816,  2817  and  2819  features  the  new 


815  dual  beam-power  tube.  It  re- 
quires  only  about  two  watts  of  56- 
Mc.  driving  power  to  work  well  on 
either  band,  and  can  be  satisfactorily 
excited  by  the  transmitter  shown  in 
Fig.  2906  or  any  other  exciter  deliv- 
ering  comparable  output.  For  56-Mc. 
operation,  only  the  815  is  used,  and 
on  112  Mc.  a  7C5  doubler  stage  is 
automatically  cut  in. 

As  can  be  seen  from  the  wiring  dia¬ 
gram  in  Fig.  2818,  there  is  nothing  unconven- 
tional  about  the  circuit  other  than  the  neutraliz- 
ingof  the  beam-power  tube  and  the  series-tuned 
plate  circuit  (in  effect)  of  the  7C5.  The  former 
was  found  necessary  for  this  particular  tube, 
and  the  latter  allows  considerably  more  in- 
ductance  to  be  used  than  would  be  the  case 


Fi#.  2813  —  The  89  at  the  right  doublés 

from  a  20-nietcr  cryslal,  driving  the  807  as 
a  doubler  on  five  or  straight  through  on  ten. 
The  6J5-6N7  Class-B  modulator  at  the  left 
lirovides  plenty  of  push  from  a  carbon  mike, 
even  with  30  watts  into  the  807.  (W2JCR, 
August,  1939,  QST.) 


Ci  —  75-aafd.  variable  (National 
UM-75). 

C2 — 30-a/ifd.  variable  (National 
UM-35). 

Ca  —  50-aafd.  mica. 

C4,  Cs  —  0.002-pfd.  mica,  400- 
volt. 

Ce  — 0.002  -gfd.  mica,  1000-volt. 

Li  —  8)4  turns  No.  14  enamelled,  close-wound,  inside 
diameter  1  inch. 

La  —  8  turns  No.  14  enam.,  double-spaced,  inside  di¬ 
ameter  1  inch,  tapped  2^4  turns  from  plate  end. 

Ls  —  28  Mc.;  12  turns  No.  12  enam.,  inside  diameter 
1  inch. 


C14  —  0.01-pfd.,  400-volt  paper. 

Ri  —  50,000  ohms,  1-watt. 

Ra  —  10,000  ohms,  1-watt. 

Rs,  Ri  —  25,000  ohms,  1-watt. 

R5  —  50,000  ohms,  1-watt. 

Re  —  15,000  ohms,  2 -watt. 

R7  — 0.5-megohm  potentiometer. 
R8  —  1000  ohms,  1-watt. 

Rb  — 5000  ohms,  1-watt. 

56  Mc.:  4  turns  No.  12  enam.,  inside  diameter  1 
inch. 

Ti  —  Single-button  microphone  transformer  (UTC-S6). 
Tb  — -  Class-B  input,  6J5  to  6N7  grids  (UTC-S8). 

T» —  Class-B  output,  6N7  to  load,  tapped  (UTC-S18). 
J  —  Closed  circuit  jack. 


Fig.  2814 — The  89-807  transmitter  circuit. 
C7 — 25-/mfd.  variable  (National 
UMA-25). 

Cs  —  100-imfd.  variable  (National 
UM-100). 

C9,  C10  —  0.01-afd.  paper,  600-volt. 

C11  —  10-/ifd.  25-voft  electrolytic. 

C12,  Cis  - —  4jifd.,  450-volt  elec¬ 
trolytic. 
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Fig.  2815  —  Boltom  view  of  the  mobile  transmitter.  Power,  mike 
and  mike  battery  connect  through  plug  at  tbe  left. 


normally.  Five-meter  energy  from  the  exciter 
can  be  plugged  in  to  the  coil  Socket  for  L3 
when  56-Mc.  operation  is  desired;  this  auto- 
matically  opens  tóe  heater  lead  of  the  7C5 
doubler  and  renders  it  inoperative.  For  112- 
Mc.  work  the  5-meter  excitation  is  plugged 
into  the  Socket  at  the  rear  of  the  chassis,  allow- 
ing  energy  to  reach  the  grid  of  the  7C5  and 
also  turning  on  its  heater.  Plug-in  coils  are 
used  for  the  815  grid  and  plate  circuits  and  for 
the  7C5  plate  circuit. 

The  neutralizing  condensers  for  the  815  con- 
sist  of  small  copper  tabs,  %  by  %  inch,  soldered 
on  the  ends  of  stiff  wires  running  up  through 
the  chassis  through  Millen  32150  bushings  and 
arranged  to  be  close  to  the  plates  of  the  815. 
Neutralizing  is  conventional  and  not  at  all 
critical. 

The  plate  coils  for  the  815  are  mounted  on 
ceramic  plug-in  strips  and  provide  swinging 
links  for  variable  output  coupling.  A  quarter- 
wavelength  line  would  be  more  efficiënt  on  112 
Mc.  than  the  coil  and  condenser  circuit,  and 
one  could  be  made  similarly  to  the  one  shown 
in  Fig.  2908.  The  condenser  should  be  dis- 
connected  from  the  plate  caps  of  the  tube  when 
using  the  linear  tank  circuit,  and  the  condenser 
can  be  tapped  to  the  lines  near  their  shorted 
end  to  provide  some  tuning. 

The  815  can  be  run  at  60  watts  input  on 
either  56  or  112  Mc.,  at  400  volts  on  the  plate. 
At  this  input  it  will  require  a  modulator 
capable  of  30  watts  output  to  modulate  fully 
the  output.  Grid  current  of  3  to  5  ma.  when 
the  amplifier  is  loaded  will  indicate  sufficiënt 
drive,  and  no  advantage  is  obtained  by  in- 
creasing  the  excitation. 

•  A  112-MC.  “POT”  OSCILLATOR 

One  method  of  obtaining  higher  stability 
with  a  self-excited  oscillator  is  the  use  of  a 
“pot”  oscillator  as  shown  in  Figs.  2820,  2821 
and  2823.  The  tank  circuit  is  made  up  of  two 


concentric  shield  cans  and  a  copper 
rod,  as  can  be  seen  from  the  circuit 
diagram  in  Fig.  2822.  Inductive  cou¬ 
pling  to  the  grid  is  obtained  by  run¬ 
ning  a  wire  through  the  cans  parallel 
to  the  copper  rod.  Power  is  coupled 
out  of  the  circuit  by  a  hairpin  loop  of 
wire  running  parallel  to  the  rod  and 
in  the  plane  of  a  radius.  Pushing  the 
loop  farther  down  in  the  pot  increases 
the  coupling.  A  tuning  condenser  is 
connectëd  between  plate  and  ground 
to  allow  the  frequency  to  be  set  any 
place  in  the  112-Mc.  band. 

Since  the  pot  is  connected  directly 
to  the  plate,  the  whole  pot  is  at  the 
d.c.  plate  voltage  above  ground,  and 
the  outer  surface  of  the  pot  should  be 
given  several  coats  of  clear  lacquer 
as  a  safety  measure. 

The  Socket  (Amphenol  polystyrene)  is  sup- 


Fig.  2816  —  A  56-  and  112-Mc.  amplifier  using  the 
815.  To  insure  short  ieads,  the  plate  condenser  is  mounted 
on  a  bracket  whieh  places  the  eondenser  just  over  the 
tube.  For  symmctry,  two  straps  of  copper  are  bent 
around  the  center  of  tbe  plate  condenser  rotor  and  fas- 
tened  to  the  end-plate  supports,  thus  effectively  ground- 
ing  the  center  of  the  condenser  rotor.  The  plug-in 
Boeket  for  the  final  tank  eoil  is  mounted  on  the  condenser 
with  two  small  brass  braekets. 

Note  the  neutralizing  condensers  whieh  are  simply 
taps  of  eopper  soldered  to  stiff  wires  whieh  support  the 
tabs  near  the  plates  of  the  dual  tube.  Adjustment  is  made 
by  moving  the  tabs  nearer  or  farther  away  or  by  trim- 
ming  their  aize  —  it  isn’t  critical. 
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Fig.  281 7  —  Another  view  of  the  amplifier 
shows  the  griel  coil  shleldecl  from  the  amplifier 
tube.  The  112-Mc.  grid  coil  ia  in  the  Socket. 
The  chassis  measures  5  by  10  hy  3  inches. 


ported  on  top  of  the  can  by  a  U-shaped 
bracket  of  half-ineh  strap  brass  which 
is  held  to  the  can  by  the  same  screw 
that  holds  the  copper  rod.  Another 
piece  of  brass  sweated  to  the  socket 
bracket  supports  the  tuning  condens- 
er.  The  tuning  condenser  has  the  shaft 
sawed  o£f  just  past  the  rotor  plates,  so 
that  only  one  hearing  is  used,  and  the 
rear  stator  support  is  removed  by 
unsoldering  the  joints. 

A  J^-inch  diameter  hole  drilled  %g 
inch  in  from  the  edge  of  the  outer  can 
allows  the  lead  from  the  inner  can  to 
be  brought  up  to  the  stator  of  the 
tuning  condenser.  A  small  lug  riveted 
to  the  top  of  the  inner  can  furnishes 
this  connection.  Opposite  the  grid 
terminal  of  the  socket  and  %  inch 
in  from  the  edge,  a  J^-inch  diameter 
hole  is  drilled  to  take  the  grid  lead,  and 
two  corresponding  holes  are  drilled  in 
the  inner  can  and  the  bottom  plate  of 


815 


Fig.  2818  —  Wiring  diagram  of  the  815  amplifier. 


Ci  —  15  ppfd.  per  section  (Cardwell  ET- 
15-AD).  The  rotor  is  grounded  at 
the  center  by  two  copper  straps 
mounted  on  the  end-plate  support 
bars. 

Ca  — 10  aufd-  Per  section  (Cardwell  ER- 
15-AD  with  one  stator  and  one 
rotor  plate  removed  from  each 
section). 

Ca  —  35-aafd.  midget  variahle  (Cardwell 
ZR-35-AS). 

Cr  —  15-jn»fd.  midget  variahle  (Cardwell 
ZR-15-AS). 

Cs  —  0.005-pfd.  mica. 

Cs  —  100-aiifd.  mica. 

Cr,  Cs  —  0.002-pfd.  mica. 

N  —  Small  copper  tabs  near  tuhe  plates. 
See  text. 

Ri,  Ra  —  15,000  ohms,  10-watt  wirewound. 

R8  —  75  ohms,  2-watt. 

R«  —  75  ohms,  )^-watt. 

Ra  —  12,000  ohms,  1-watt. 

Re  —  0.1  megohm,  1-watt. 


Si  —  D.p.d.t.  toggle,  for  meter  switching. 

RFC — 25  turus  No.  24  enam.,  selfsup¬ 
porting,  J^-inch  diam.  (or  Ohmite 
Z-l). 

Li  —  56  Mc.:  6  tums  No.  14  enam.,  1-inch 
diam.,  1}4  inches  long  with  %-mch 
gap  in  center  to  take  2-turn  link. 
112  Mc.:  2  tums  No.  14  enam.  with 
1-tura  link. 

La  —  56  Mc.:  6  tums  No.  14  enam.,  %- 
inch  diam.,  J^-inch  long.  Two-turn 
link  of  lJ4‘inch  diam.  wound  over 
center.  112  Mc.:  Shallow  U  of  No. 
14  enam.  %  inch  high  running 
from  strip  terminals.  Link  is  a 
similar  winding  parallel  to  La. 

La  —  4  tums  No.  14  enam.  %-inch  diam., 
Ji-inch  long.  Link  is  2  turns 
1 H -inch  diam.  wound  over  center 
of  La. 

Lr  —  4  tums  No.  14  enam.  inch.  diam., 
spaced  diam.  of  wire.  Two-tum 
link  at  cold  end  of  Lr. 
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Fig.  2823  —  A  view  under  the  oscillator  shows  the 
grid  condenser  and  leak,  the  r.f  choke  and  supporting 
pillarfi. 


plate  and  filament  circuits.  It  gives  good 
stability  and  an  unusually  high  order  of  effi¬ 
ciency  for  u.h.f.  oscillators. 

Photographs  of  the  transmitter  using  this 
circuit  are  shown  in  Figs.  2826  and  2828.  The 
push-pull  HY-615  tubes  are  capable  of  about 
five  watts  output  at  2%  meters  and  somewhat 
less  at  1J4  meters. 

The  aluminum  chassis  measures  3J4  by  16 
by  \]/2  inches;  at  one  end  are  the  tube  sockets, 
mounted  with  the  filament  prongs  facing  the 
front  edge.  A  soldering  lug  is  placed  under  one 
of  the  Socket  mounting  screws  so  that  all 
grounds  at  this  end  of  the  chassis  may  be  made 
to  this  one  point. 

The  top  view,  Fig.  2826,  shows  the  tubes 
mounted  closely  together  at  the  left  with  the 
tuned  plate  line  extending  to  the  right.  A 
homemade  condenser  across  the  tube  end  of 
the  pipes  permits  adjusting  the  frequency 
over  a  fairly  large  range.  The  grids,  which 
should  be  as  nearly  as  possible  at  zero  r.f. 
potential,  are  tied  together  and  grounded  to 
the  chassis  through  the  grid  leak,  j Rx.  The 
antenna  link  is  mounted  on  two  standoff  in- 
sulators  at  the  right  end  of  the  base. 

The  plate-pipe  assembly  is  supported  by 
standoff  insulators,  the  center  of  the  pipes 
resting  on  one  and  the  shorted  end  of  the  line 
on  the  other  (between  the  two  cones).  Plate 
voltage  is  fed  through  a  hole  in  the  chassis  to 


this  latter  point.  The  standoffs  are  of  sufficiënt 
height  to  permit  the  shortest  possible  connec- 
tions  between  the  line  and  the  tube  plates.  A 
strip  of  the  best  obtainable  r.f.  insulating 
material  should  be  used  as  the  spacer  and 
mounting  support  across  the  center  of  the  line. 

The  plate  tuning  condenser  is  made  from 
two  lj^-inch  diameter  copper  discs,  to  each  of 
which  is  soldered  a  machine  screw.  The  pipes 
are  drilled  and  tapped  so  that  one  plate  can  be 
mounted  on  each  pipe. 

Construction  of  the  134-meter  line  may  be 
similar,  but  the  light  weight  of  the  line  sug- 
gests  that  only  one  supporting  insulator  be 
used.  This  may  be  accomplished  by  soldering  a 
right-angle  bracket  to  the  shorted  end  of  the 
line  and  attaching  the  assembly  to  the  in¬ 
sulator  used  to  support  the  center  of  the 
112-Mc.  pipes.  The  condenser  plates  for  this 
frequency  are  1  inch  in  diameter. 

Beneath  the  chassis  is  the  tuned  cathode 
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Fig.  2825  —  Circuit  of  the  low-power  oscillator  shown 
in  Fig.  2824. 

Ci — 30-wifd.  isolantite-insulated  compression-type 
trimmer. 

Cï  —  100-aufd.  midget  mica. 

Ki  —  50,000  to  75,000  ohms,  J^-watt. 

L  —  Linear  tank  circuit;  see  text. 

circuit,  connected  to  the  cathode  prongs  of  the 
tube  sockets  by  short  lengths  of  No.  12  wire. 
The  pipes  are  shorted  and  grounded  to  the 
chassis  at  the  far  end.  Ci,  the  tuning  condenser, 
is  insulated  from  the  chassis  and  connected 
directly  across  the  open  end  of  the  line.  Each 
tube  has  a  separate  set  of  twisted  pair  fila¬ 
ment  leads  running  through  its  cathode  pipe; 
they  are  connected  in  parallel  for  the  heater 
power,  of  course. 

In  tuning  to  the  23^-meter  band,  first  set  the 
plate  condenser  Cj  so  that  the  spacing  between 
plates  is  approximately  inch.  Then  apply 
power  and  rotate  the  filament  condenser,  C i, 
until  oscillation  starts,  indicated  by  a  drop  in 


Fig.  2824  —  This  low  -power  trans  - 
raitter  illustratcs  the  BÏmplicity  of  con- 
struction  of  the  112-  and  224-Mc.  hands. 
The  circuit  diagram  is  given  in  Fig.  2825. 
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Fig.  2826 —  a  low-power  tuned-plate  tuned-filament  ob- 
cillator.  For  operation  on  112  and  224  Mc.  The  email  line  in 
front  is  for  224  Mc. 


plate  current.  The  oscillating  plate  cur- 
rent  should  be  about  20  ma.,  rising, 
when  the  antenna  is  coupled,  to  about 
40  ma.  A  reliable  frequency  checking 
System  should  then  be  used  to  make 
sure  that  the  transmitter  is  tuned  to  the 
desired  frequency.  The  frequency  is  Iow- 
ered  by  increasing  the  plate  condenser 
capacity  and  retuning  the  filament  cir¬ 
cuit.  Decreasing  the  plate  capacity  in- 
creases  the  frequency. 

For  lJ4-meter  operation,  in  addition 
to  replacing  the  larger  plate  pipes  by 
smaller  ones,  a  section  of  the  cathode 
line  may  be  shorted  by  a  metal  slider, 
the  position  of  which  should  be  adjusted 
so  that  Ci  is  effective in  tuning.  It  should, 
however,  be  possible  to  find  resonance 
on  this  band  simply  by  tuning  Ci  carefully  in 
the  region  near  minimum  capacity,  since  the 
line  is  rather  short  for  2  %  meters. 

•  MEDIUM-POWER  TUNED-PLATE 

TUNED-FILAMENT  TRANSMITTER 

Figs.  2829  to  2831  show  the  construction  and 
circuit  of  a  second  tuned-plate  tuned-filament 
2^-meter  transmitter.  This  set  has  much  in 
common  with  the  one  just  described,  but  con- 
ventional  tubes  of  the  medium-power  class  are 
employed.  Fundamentally  the  circuit  of  Fig. 
2830  is  the  same  as  that  of  Fig.  2827,  with 
slight  changes  made  necessary  by  the  directly- 
heated  type  of  tube  used.  This  arrangement, 
even  with  conventional  tubes,  operates  with 
an  efficiency  of  better  than  50  per  cent. 

A  glance  at  Fig.  2829  will  show  the  arrange¬ 
ment  of  the  plate  circuit,  supported  on  top  of 
the  chassis.  The  chassis  is  4J4  inches  wide, 
15  inches  long  and  2J^  inches  deep.  There  is  no 
tuning  condenser  for  the  plate  line;  a  condenser 
may  be  used,  if  desired,  but  for  best  efficiency 


Fig.  2827  —  Circuit  diagram  of  the  low-power  tuned- 

plate  tuned-filament  oscillator. 

Ci  —  15-asfd.  variable  (National  UM-15). 

Cg  —  See  text. 

Bi  —  20,000  ohms,  1-watt. 

Li  —  Filament  line,  }/i  -inch  o.d.  copper  tubing,  length 
10  inches,  spacing  %  inch. 

La  —  Plate  line;  for  112  Mc.,  7  16-inch  o.d.  copper 
tubing,  length  14  inches;  spacing  diameter  of 
tubing;  for  224  Mc.,  ü-inch  o.d.  copper  tubing, 
length  6  inches,  spacing  diameter  of  tubing. 

Ls  —  Hairpin  link  for  antenna  coupling;  length  ap- 
proxirnately  1  inches. 


it  should  be  omitted.  The  line  is  relatively 
short  for  the  frequency,  the  reason  being  that 
the  internal  tube  leads  make  a  considerable 
addition  to  the  actual  length  of  the  line,  plus 
the  loading  effect  of  the  tube  plate-grid 
capacity. 

The  high-voltage  connection,  brought  through 
an  insulator  in  the  chassis,  is  shown  just  to  the 
left  of  the  supporting  insulator  in  Fig.  2829. 
The  antenna-coupling  link,  L3,  is  made  from 
small-diameter  copper  tubing;  its  length  should 
be  adjusted  to  give  the  desired  loading,  with 
the  antenna  used. 

Fig.  2831  is  a  view  of  the  tuned  filament  cir¬ 
cuit  underneath  the  chassis.  Each  pipe  is 
soldered  to  and  partly  supported  by  a  filament 
prong  on  each  tube  Socket.  The  shorted  end  of 
the  line  is  held  in  place  by  a  metal  pillar  which 
also  makes  the  connection  to  the  chassis 
ground.  A  wire  is  fed  through  each  pipe  and 
connected  to  the  other  filament  prong  on  the 
appropriate  socket.  These  wires  are  connected 
together  at  the  shorted  end  and  filament  volt¬ 
age  applied  between  this  common  connection 
and  ground. 

Ci,  the  filament-line  tuning 
condenser,  rests  on  the  insulated 
portions  of  the  sockets  and  is  se- 
curely  mounted  by  two  small 
aluminum  brackets  which  fit  un- 
der  the  socket  mounting  screws. 
Care  must  be  taken  to  prevent 
groundingof  thecondenser  plates. 
A  short  connection  is  made  be¬ 
tween  the  two  grid  prongs,  and  the  grid  resis- 
tor,  R\,  runs  from  the  center  of  this  connection 
to  ground. 

Tuning  is  similar  to  that  already  described 
for  the  low-power  transmitter.  The  setting  of 
Ci  which  gives  minimum  plate  current  is  not, 
however,  the  adjustment  at  which  the  circuit 
delivers  maximum  output.  A  lamp  dummy 
antenna  coupled  to  the  pipes  will  show  that  as 
the  condenser  setting  is  slightly  altered  the 
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Fig.  2828  —  Filament-circuit  view  of  the  low- 
power  push-pull  oscillator.  The  tuned  filament 
line  is  grounded  at  one  end  and  eoldered  directly 
to  the  cathode  prongs  of  the  tube  sockets  at  the 
other.  Filament  leade  run  inside  the  tubes. 


plate  current  will  rise  and  the  output  will  in- 
crease.  The  current  should  not  be  allowed  to 
exceed  200  ma.  at  full  load. 

Other  tubes  than  the  T-40’s  shown  have  been 
used  successfully  in  this  circuit,  including 
Types  809,  T-20,  RK-32,  RK-11,  RK-12,  and 
TZ-40.  Still  others  of  similar  construction  and 
ratings  undoubtedly  also  would  function  satis- 
factorily.  Tubes  like  the  HK-24  and  35T  will 
work  well  at  224  Mc.  using  this  circuit. 

•  TRANSMITTER-RECEIVERS  AND 

TRANSCEIVERS 

For  portable  or  mobile  work,  it  is  necessary 
to  have  compact  receivers  and  transmitters 
capable  of  working  from  small  power  supplies. 
Any  one  of  several  of  the  transmitters  de- 
scribed  earlier  in  this  chapter  can  be  combined 
with  any  of  several  of  the  receivers  or  con- 
verters  described  in  Chapter  Twenty  Seven 
for  the  portable/mobile  station.  However, 
it  is  often  convenient  to  combine  both  units 
in  the  same  case,  and  several  such  units  are 
described  in  the  following  pages.  It  is  possible 
in  these  combined  units  to  combine  the  func- 
tions  of  some  of  the  tubes  and  use  them  during 
both  reception  and  transmission.  When  the 
same  tube  is  used  for  both  the  receiving  detector 
and  the  transmitting  oscillator,  the  unit  is 


Fig.  2829  —  This  transmitter  operates  cfficiently  with 
conventional  tubes  at  112  Mc.  To  reduce  losses,  the 
plate  lines  are  not  condenser  tuned.  A  elider  is  used  for 
frequency  adjustment.  The  hairpin  coupling  link  ie  at 
the  left. 


called  a  “transceiver”;  bothrecciver  and  trans¬ 
mitter  combined  in  the  same  cabinet  is  called 
a  “  transmi tter-receiver.” 

•  A  COMPLETE  BATTERY-OPERATED 

56-MC.  PORTABLE  STATION 

The  transmitter-receiver  shown  in  Figs. 
2832,  2833  and  2835  is  completely  battery- 
operated  and  will  give  excellent  results  on 
the  5-meter  band.  It  fully  complies  with  the 
regulations  and  is  modern  in  every  way!  As 
can  be  seen  from  the  circuit  diagram  in  Fig. 
2834,  the  transmitter  r.f.  circuit  uses  a  1J6G 
twin  triode  as  a  28-Mc.  crystal  oscillator  (or 
tuned  grid  for  self-excited  operation)  and 
56-Mc.  doubler.  A  1F5G  straight  r.f.  amplifier 
having  4  watts  input  follows.  The  receiving 
circuit  uses  a  1D5GP  tuned  r.f.  stage  which 
greatly  improves  selectivity  and  prevents 
radiation.  A  Standard  superregenerative  de¬ 
tector  is  used,  and  the  tuning  Controls  are 
ganged.  The  common  audio  channel  makes 
use  of  a  1H4G  first  audio  for  amplifying  the 
output  of  the  detector  or  of  the  micropbone 
and  a  1J6G  in  Class  B  delivering  2  watts  of 
audio. 

Four  tubes  only  are  used  at  any  time.  The 
other  two  have  their  filaments  opened  by  the 
send-receive  switch  when  not  in  service.  This 
same  switch  throws  the  antenna  from  the  trans¬ 
mitter  to  the  receiver.  As  the  transmitter  fila¬ 
ments  take  somewhat  higher  current  than  do 
those  of  the  receiving  tubes,  a  small  network  of 
J/^-watt  resistors  is  inserted  automatically  when 
the  send-receive  switch  is  thrown. 

An  additional  refinement  in  the  form  of 
screwdriver-slot  tuning  of  the  transmitter  cir¬ 
cuits  prevents  accidental  detuning  that  may 
occur  when  knobs  are  used.  The  insulated  tooi 
is  clipped  to  the  side  of  the  case,  where  it  is 
always  handy. 

The  transceiver  shown  measures  12)4  inches 
high  by  15  inches  wide  by  5  inches  deep,  holds 
all  batteries,  and  weighs  15  pounds  less  bat- 
teries.  The  user  has  the  choice  of  employing 
batteries  having  a  combined  weight  of  11%  or 
5%  pounds.  The  heavier  batteries  are  some¬ 
what  cheaper  and  give  slightly  greater  life 
than  do  the  lighter-weight  batteries.  The 
heavier  type  45-volt  batteries  are  Burgess  No. 
5308  and  Eveready  762.  The  lighter  types  are 
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Fig,  2830  —  Circuit  dia¬ 
gram  of  the  medium - 
power  112-Mc.  oscillator, 
Ci  —  15-ppfd.  variable. 

Ri  —  5000  ohms,  10-watt. 
Li,  L2  —  Filament  and 
plate  lines;  %- 
inch  o.d.  copper 
tubing,  length  12 
inches,  spaced  di¬ 
ameter  of  tubing. 
La  —  Hairpin  link  for  an¬ 
tenna  coupling; 
length  app roxi- 
mately  3  inches. 


i  P 

7.SV.  -7.5V. 

-IOOOV. 

Burgess  Z-30-NX  and  Eveready  No.  482.  Two 
1  j^-volt  portable  “A”  batteries  like  the  Bur¬ 
gess  4FA  or  Eveready  724  are  recommended 
for  filament  supply. 

The  general  layout  of  the  unit  is  shown  quite 
clearly  in  the  various  photographs,  and  needs 
little  description.  The  receiver  section  is  at  the 
right,  with  the  r.f.  amplifier  at  the  rear  of  the 
aluminum  shelf.  A  baffle  shield  separates  it 
from  the  detector  circuit,  which  is  next  the 
panel.  The  two  audio  tubes  are  in  the  center, 
while  the  transmitter  occupies  the  left-hand 
(from  the  rear)  part  of  the  chassis.  The  two 
tubes,  oscillator-doubler  and  amplifier,  are 
along  the  rear  edge  of  the  chassis.  The  crystal 
tank  circuit  is  underneath,  and  the  doubler 
tank  circuit  on  top,  of  the  shelf. 

Connect  the  proper  batteries  and  rotate  the 
combined  filament  rheostat,  filament  and  high- 
voltage  switch  sufficiently  to  the  right  for  the 
superregenerative  hiss  to  be  heard  in  the 
“receive”  position.  This  usually  occurs  in  the 
neighborhood  of  1.8  to  2.0  volts. 

Next  turn  the  switch  to  the  “send”  position 
and  the  meter  switch  to  the  “oscillator-doubler  ” 
side.  The  meter  will  read  about  50  ma.  with  a 
tuned  grid  coil,  and  by  checking  the  output 
with  a  2-volt  pilot  lamp  and  two-turn  pickup 
loop,  the  current  can  be  reduced  to  40  ma.  by 
grid  tuning  without  sacrifice  of  output  as 
indicated  by  the  pickup  loop.  When  operating 
with  a  10-meter  crystal  the  total  current  will 


be  about  15  ma.  out  of  resonance,  and  will  rise 
to  40  ma.  when  the  crystal  frequency  is  reached 
by  tuning  the  oscillator  plate  tank. 

When  the  oscillator  is  “putting  out”  nicely, 
the  doubler  condenser  is  rotated  for  a  dip  of  10 
ma.  in  the  total  plate  current  read  on  the  meter. 
The  oscillator  and  doubler  now  take  30  ma. 
Should  these  values  not  be  attained  when  using 
135  volts  on  the  plates,  tap  the  lead  from  Cn  to 
L2  a  turn  or  two  from  the  hot  end  of  the  coil, 
and  also  tap  down  the  wire  from  Cs  to  L3  until 
the  doubler  dips  10  ma.  when  C?  is  resonated. 

Now  throw  the  meter  switch  to  the  amplifier, 
where  it  will  read  35  ma.  out  of  resonance  and 
10  ma.  when  the  plate  tank  condenser  C 2  is  in 
tune,  and  antenna  disconnected.  Connect  the 
quarter  wave  antenna  and  tune  the  antenna 
condenser  C 1  for  maximum  rise  in  plate  cur¬ 
rent.  Retune  the  plate  tank  condenser  for  a 
new  dip  and  repeat  the  process  until  the 
amplifier  draws  about  30  ma.,  or  a  power  input 
of  4  watts. 

A  2-volt  60- ma.  (No.  48)  pink-bead  pilot 
lamp  may  be  connected  in  the  circuit  between 
the  “send”  side  of  switch  NTFi  and  C\.  The 
lamp  will  light  to  full  brilliancy  and  may  even 
burn  out  on  voice  modulation.  If  it  does  it  is  a 
sign  of  good  output  and  the  lamp  may  be  re- 
placed  with  a  6-volt  150-ma.  (No.  40)  brown- 
bead  bulb.  No  difference  has  been  observed  in 
the  signal  by  the  introduction  of  the  lamps,  and 
as  they  give  a  real  indication  of  current  flow- 
ing  in  a  feederless  antenna  system  they 
can  replace  expensive  thermo-couple  mil- 
liammeters  in  portable  gear.  (Bib.  S) 

A  112-Mc.  Transceiver 
The  transceiver  shown  in  Figs.  2836, 
2837  and  2839  is  completely  self-con- 
tained  and  is  capable  of  good  communi- 
cation  over  considerable  distances  on  the 
2)4-meter  band.  It  can  be  assembled  for 
less  than  twenty  dollars,  including  tubes 
and  batteries,  weighs  about  sixteen 
pounds,  and  —  something  not  usually 
found  in  transceivers  —  spreads  the  112- 
to  116-Mc.  band  over  practically  the 
whole  tuning-condenser  scale. 


Fig.  2831  —  Below-chassis  view  of  the  medium-power  oscil 
la  tor.  The  arrangement  is  descrihed  in  the  text. 
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Fig.  2832  —  The  bat- 
tery-operated  trans¬ 
ceiver  opened  up  to 
show  how  the  space  in  - 
gide  the  carrying  case 
is  utilized.  T  raosmitter 
and  receiver  are  built 
on  an  aluminum  shelf 
running  the  lengtb  of 
the  panel. 

The  tubes  used 
have  6. 3- volt  heat- 
ers,  which  may 
seem  a  bit  odd  in  a 
unit  intended  for 
dry-battery  opera- 
tion.  This,  how- 
ever,  was  a  matter 
of  necessity  rather 
than  choice  —  ne¬ 
cessity,  that  is,  if 
sure-fire  and  non- 


Fig.  2833  —  A  plan  view  of  the 
outfit.  Transmitter  at  left,  re¬ 
ceiver  at  right.  A  quarter-wave 
rod  antenna  fits  into  the  recep- 
taele  mounted  by  standoff  insu- 
lators  on  the  front  panel. 


critical  operation 
was  to  be  expected.  The  6.3-volt  tubes  permit 
the  transceiver  to  be  readily  adapted  to  a.c. 
operation,  which  will  conserve  battery  life  if 
the  outfit  is  to  be  used  at  the  fixed  station. 

As  the  circuit  diagram  shows,  an  HY-615  is 
used  as  the  oscillator-detector,  and  a  6G6G  as 
the  modulator-audio  amplifier.  The  HY-615 
functions  well  in  u.h.f.  circuits,  and  the  6G6G 
makes  an  excellent  audio  tube  for  the  purpose, 
giving  high  output  with  small  input. 

The  detector-osciilator  tuned  circuit  consists 
of  Cï,  C3  and  L\.  The  circuit  works  best  with 
fairly  high  C,  and  C2  provides  this  capacity.  C3, 
tapped  across  one-half  of  L\,  serves  as  a  band- 
spread  tuning  condenser.  The  incoming  signal 
and  the  d.c.  voltage  are  both  fed  in  at  the 
center-tap  on  L\.  This  is  the  best  place  for 
connecting  the  d.c.  lead,  and  connecting  the 
antenna  at  the  same  point  affects  the  circuit 
least  while  still  providing  sufficiënt  coupling. 
Convertingfrom  superregeneration  to  straight 


oscillation  is  accomplished  by  shorting  out  the 
larger  of  the  two  grid-leak  resistances,  R2,  by  a 
set  of  contacts  on  the  ganged  send-receive 
switch.  A  second  set  of  contacts  connects  the 
HY615  plate  to  the  plate  winding  of  the 
transceiver  transformer,  for  receiving,  or  to 
the  6G6G  plate  circuit  for  transmitting.  A 
third  set  of  contacts  grounds  one  side  of  the 
microphone  jack  during  the  transmission  pe- 
riod.  R5  is  the  regeneration  control  as  well  as 
the  volume  control. 

The  cabinet  which  houses  the  unit  measures 
6  inches  deep,  7  inches  wide,  and  fifteen  inches 
high.  If  longer  battery  life  is  desired,  it  will  be 
advisable  to  secure  a  larger  cabinet  so  that 
several  filament  batteries  may  be  paralleled. 
The  6  by  7  by  15  size  will  permit  at  least  two 
batteries  to  be  employed. 

A  commercial  channel-type  chassis  is  used  in 
conjunction  with  the  cabinet.  It  can  be  easily 
duplicated  by  bending  a  piece  of  aluminum 
sheet.  The  width  is  5%  in¬ 
ches  and  the  depth  in¬ 
ches.  A  1^2  look  section  is 
bent  down  along  the  panel 
edge  for  mounting.  Side 
pieces  Yi  inch  wide  are  bent 
down  along  the  two  short 
edges  to  add  strength  and 
rigidity. 

A  view  of  the  panel  and 
battery  compartment  of  the 
transceiver  is  shown  in  one 
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of  the  photos.  The  main  tuning  dial  turns  a 

bakelite  Bhaft  which  runs  through  a  hearing 
centered  on  the  panel  2 ^inches  down  from  the 
top  edge.  The  two  antenna  support  insulators 
are  to  the  right,  the  lower  one  in  line  with  the 
shaft  hearing  and  the  top  one  1^  inches 


above;  both  are  %  inch  in  from  the  right  edge. 

The  volume  control,  at  the  left,  and  the  selector 
switch  at  the  right,  are  mounted  1%  inches 
from  the  edges  of  the  panel  and  5%  inches 
down  from  the  top.  After  these  two  holes  have 
been  drilled,  holes  of  the  same  size  and  spacing 


OSCr  DOUB. 


Fig.  2834  —  Complete  wiring  diagram  of 
Ci  —  25  fifiï d.  midget. 

C2,  C7  —  15-aafd.  midget. 

C3  —  Nentralmng  condenser  (National  NC600);  not 
rcquired  in  some  layoutB. 

C4,  Ce,  Cs,  Cie,  C20  —  0.004-afd.  paper. 

Ce,  C11  —  100-jifjfd.  mica. 

Ce  —  35-agfd.  midget. 

C10  — -  250-.it/ifd.  mica. 

C12,  C13  —  0.1-gfd.  paper. 

Cu  —  50-a/tfd.  mica  padder. 

Cie,  Cie  —  10-gpfd.  midget. 

C17  —  50-aafd.  mica  variable  padder. 

Cis  —  100-aidtf.  mica. 

C21  —  8-gfd.  eleetrolytic. 

C22  —  50-aiifd.  air  padder,  mounts  in  Li  plng-in  coil 
form. 

Ri,  R3  —  5000  ohms,  kïi-watt. 

R2,  Re  —  10,000  ohms,  J^-watt. 

R4  —  500,000  ohms,  J^-watt. 

Rö  —  30,000  ohms,  ^-watt. 

R7  —  10-ohm  rheostat  with  off  position  on  wire  and 
snap  switch  on  back. 

Rs  —  100,000  ohms,  J^-watt. 

Re  —  8  ohms,  1  -watt. 

R10,  R11,  Ru  —  1  ohm,  M-watt. 

Tl  —  Mike  and  plate-to-single-grid  tranBformer  (high- 
ratio  type). 

Ta  —  Class-B  input  transformer  for  1J6G. 


the  battery-operated  56-Mc.  transceiver. 

T8  —  Class  B  output  transformer,  1J6G  plates  to  3500 
and  5000  ohms. 

SWi  — D.p.d.t.  rotary  switch. 

SWj  —  D.p.d.t.  toggle  switch. 

SW3  —  S.p.s.t.  snap  switch  (see  text),  dashed  lines  indi- 
cate  ganging. 

Li  —  Optional  28  Mc.  grid  coil.  9  turnt  No.  12  wound 
on  5^ -inch  diameter  form,  spaccd  with  No.  14; 
inserted  in  interior  of  plug-in  coil  form. 

La  —  28-Mc.  oscillator  tank  —  same  as  Li  but  not 
plug-in. 

La  —  56  Mc.  doubler  tank.  7  turnt  No.  15  on  J^-inch 
diameter  form,  spaced  with  No.  14. 

L4  —  56  Mc.  amplifier  tank.  6  tums  No.  12  on  5^ -inch 
diameter  form,  spaced  with  No.  14;  center 
tapped. 

La  —  4  tums  No.  12  on  % -inch  diameter  form  spaced 
with  No.  14,  wound  over  Lt  or  2  tums  at  cacb 
end. 

Le  —  7  turns  No.  14  on  dowel  to  oceupy  1"  —  re- 
move  dowel. 

L7,  Lg  —  6  tums  No.  14  on  dowel  to  oceupy  1". 
Space  hetween  coils  should  be  greater  than  1 
inductive  relation  not  required. 

RFCi  —  2.5-mh.  r.f.  choke. 

RFC2  - —  70  tums  No.  30  d.s.c.  on  %"  dowel  (wood)  that 
has  been  boiled  in  paraffine.  Paint  winding  witb 
low-loss  eoil  dope. 


CHAPTER  TWENT Y -EIGHT 


Transmitters  and  Transceivers  for  the  U.H.F. 


Fig.  2835  —  Bottom  view,  show- 
ing  the  wiring.  Audio  transform- 
ers  are  below  the  chassis.  The 
speech  eystem  is  for  use  witb  a 
single-button  mike. 


should  be  drilled  in  the  sup- 
porting  section  of  the  chassis. 

Later,  when  the  components 
are  mounted,  the  variable 
control  and  the  switch  are 
used  to  fasten  the  panel  and 
chassis  together.  Jacks  for 
the  headset  and  microphone 
are  1J4  inches  below  the 
Controls  just  mentioned  and 
2%  inches  in  from  the  panel  edges. 

The  HY-615  is  mounted  at  the  center  of  the 
chassis.  The  grid-cap  of  the  tube  is  to  the  left. 
A  socket  for  the  6G6G  is  centered  1  inch  in 
from  the  rear  chassis  edge  and  just  behind  the 
HY-615.  The  modulation  transformer  is  to 
the  left  of  the  tubes. 

Compactness  in  the  detector-oscillator  me- 
chanical  layout  is  the  only  real  objective.  This 
is  easily  attained  by  mounting  the  band-spread 
condenser  on  a  154-inch  stand-off  insulator 
(Millen  type  30001)  which  keeps  the  condenser 
clear  of  the  tube.  The  condenser,  with  all  but 
three  plates  removed,  is  first  fastened  by 
running  a  6-32  machine  screw  through  the 
inside  of  the  insulator  and  through  the  con- 
denser-frame  mounting  hole.  This  assembly 
may  be  placed  quite  close  to  the  tube  provided 
the  condenser  mounting  is  reversed  so  that  the 
mounting  hole  comes  under  the  shaft  at  the 
front  rather  than  under  the  plates  at  the  rear. 
The  insulator  may  then  be  placed  so  that  the 
mounting  ring  barely  touches  the  tube  base.  A 


shaft  coupling  connects  the  condenser  to  the 
bakelite  extension  shaft. 

Next,  C2  and  Li  are  paralleled  and  one  end  of 
the  combination  is  soldered  to  the  left-hand 
stator  terminal  of  C3.  This  should  be  a  solid 
connection  because  it  is  the  main  support  of  Cj 
and  Lj.  The  opposite  end  of  this  combination  is 
supported  by  C«,  which  also  connects  to  the 
grid  cap  of  the  HY-615.  C\,  the  antenna  cou¬ 
pling  condenser,  mounts  between  the  rotor 
terminal  of  Cz  and  the  antenna  feed-through 
insulator.  A  second  connection  runs  from  the 
rotor  of  Gz  to  the  center  of  L\  to  form  the  band- 
spread  tap.  The  d.c.  voltage,  which  comes  up 
through  the  r.f.  choke  at  the  right,  is  also  fed 
in  at  the  tap  on  L\.  Another  r.f.  choke,  in  series 
with  the  grid  leaks,  connects  to  the  grid  of  the 
tube.  Both  the  grid  and  plate  chokes  are  at- 
tached  to  victron  through-point  bushings 
mounted  in  the  chassis  to  the  front  of  the  tube. 
The  plate  and  grid  connections  are  soldered  to 
the  tube  caps  to  insure  good  contact,  since  the 
small  spring  clips  are  not  always  reliable. 

However,  soldering  is  not  ab- 
solutely  necessary,  and  is  not  rec- 
ommended  unless  the  builder  is 
prepared  to  be  careful  to  use  just 
enough  heat  to  make  the  connec¬ 
tion.  Otherwise  the  tube  may  be 
damaged. 

The  wiring  below  the  chassis 
needs  no  particular  care.  Of  course, 
r.f.  by-pass  leads  must  be  as  short 
and  direct  as  possible.  Fortunately, 
there  is  little  opportunity  to  go 
wrong,  so  long  as  the  two  0.01-/dd. 
paper  condensers  are  mounted  as 
shown.  The  ground  sides  connect 
to  a  lug  held  in  place  by  the  nut 


Fig .  2836  —  A  front  view  of  the  trans- 
ceiver  panel  layout  and  the  battery  com. 
partment.  The  antenna  is  a  half-wave  rod; 
the  upper  of  the  two  insulators  is  only  a 
support. 
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Fig.  2837  —  Looking  down  into  the  r.f.  circuit.  The  band-gpread 
condenser  is  tipped  as  shown  80  that  it  may  be  adjusted  from  the 
rear  after  the  panel  and  chassis  have  been  slipped  in  the  case. 


which  locks  the  tube  Socket  in  place. 
The  transceiver  transformer  is  at  the 
left,  with  the  grid  winding  facing  the 
tube  sockets.  Cg  and  Rg  are  at  the 
rear  of  the  chassis.  C 9  is  the  large 
paper  condenser  at  right  angles  to  Cg. 
Ri  runs  between  the  selector  switch 
and  the  through-point  bushing  at  the 
right.  Rz  goes  from  the  switch  to 
ground  (the  soldering  lug).  Sw 2  is 
mounted  on  the  potentiometer  and 
connects  to  the  lug  strip  at  the  rear 
of  the  chassis.  Incoming  voltage  leads 
are  attached  to  this  same  strip. 

Four  Eveready  Mini-Max  type 
482,  45-volt  blocks  forra  the  plate 
supply.  The  Burgess  type  F4P1,  6- 
volt  battery  is  used  for  the  filament 
supply.  One  of  these  6-volt  units  will 
permit  twenty-two  to  twenty-five 
hours  of  operation.  With  a  larger 
cabinet,  three  of  these  blocks  could 
be  paralleled  so  that  sixty  or  more 
hours  of  service  could  be  secured. 

To  put  the  transceiver 


'VB*  +6V.  +I80V. 

Fig.  2838  —  Wiring  diagram  of  the  transceiver. 


Ci,  Cs  —  30-n/ifd.  mica  trimmers  Bi  —  1 00,000 -ohm  variable. 

(National  M30).  RFC  —  High-firequency  r.f.  chokes 

Cs — 3-plate  midget  variable  (Ham-  (Ohmite  Z-l). 

marlund  HF -15  with  two  Tl  —  Transceiver  transformer  (Thor- 
plates  removed).  darson  T-72A59). 

Ci  —  lOO-jififd.  midget  mica.  Ch  —  7-henry,  40-ma.  filter  choke 

Cs,  Ce  —  0.01-/ifd.,  600-volt  paper.  (Thordarson  T-13C37). 

C7  —  0.002-/ifd.  midget  mica.  Swi — 4-drcuit  single-gang  selector 

Cs — 20-iifd.,  25-voIt  paper  electro-  switch  (Yaxley  3243J  withone 

lytic.  set  of  contacts  not  used). 

Cs  —  0.25-/ifd.,  400-volt  paper.  Swa  —  D.p.s-t.  Bnap  switch  (Yaxley 

Ri  — 15,000  ohms,  )4-watt.  No.  7  mounted  on  variable 

Ra  —  125,000  ohms,  H-watt.  resistor). 

Ra  —  500  ohms,  1-watt.  Li  —  3  tnrns  No.  14  tinned  wire,  H- 

Ri  —  100,000  ohms,  H-watt.  inch  diameter,  2^ -inch  long. 


in  operation,  the  battery 
leads  are  soldered  in  place, 
an  antenna  (the  length  is 
not  critical,  but  it  should 
be  around  45  inches)  is 
attached,  and  the  ’phones 
and  microphone  are 
plugged  in  the  appropriate 
jacks.  Resistor  Ri  is  then 
rotated  in  a  clockwise 
direction  to  full  scale. 
This  snaps  on  the  plate 
and  filament  switches  and 
sets  the  regeneration  and 
volume  at  maximum.  Swi 
should  be  thrown  to  the 
receive  position. 

After  a  second  or  two 
of  warming  up,  the  super- 
regenerative  hiss  should 
become  audible.  It  is  pro b- 
able  that  the  detector  will 
superregenerate  properly 
only  at  frequencies  in  and 
near  the  2^-meter  band, 
which  will  be  found  with 
Cj,  the  band-setting  con¬ 
denser,  at  nearly  full  ca- 
pacity.  A  quarter  turn 
back  from  maximum  ca- 
pacity  should  be  quite 
close  to  the  band. 

The  band-spread  ad- 
justment  is  quite  easily 
made  because  of  the  con- 
struction  of  the  coil.  Inour 
model  the  band  could  be 
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spread  over  the  entire  dial  when  the  band- 
spread  tap  was  placed  at  the  exact  center  of 
the  coil.  Less  spread  is  obtained  with  the  tap 
more  toward  the  grid  end  of  the  coil  and  more 
when  the  tap  is  moved  back  toward  the  plate 
end. 

It  may  be  well  to  experiment  a  bit  with  the 
position  of  the  d.c.  voltage  tap,  as  sometimes  a 
considerable  improvement  will  result.  It  is  also 
worthwhile  to  try  different  values  of  grid-leak 
resistance.  A  point  closer  to  straight  oscillation 
is  reached  as  the  value  of  the  resistance  is 
decreased. 

The  oscillator  is  not  at  all  seriously  affeeted 
by  antenna  loading,  but  it  is  advisable  to  spend 
a  few  minutes  trying  different  adjustments  be- 
cause  proper  loading  does  permit  the  circuit  to 
work  at  its  best.  A  setting  which  allows  ap- 
proximately  three-quarters  of  the  coupling 
eondenser  capacity  to  be  used  is  about  op¬ 
timum.  (Bib.  /,.) 

A  112-Mc.  Transmitter -Receiver 

The  transmitter-receiver  shown  in  Figs. 
2840,  2842  and  2843  uses  the  new  1.4- volt 
filament  loktal  tubes  for  good  u.h.f.  perform¬ 
ance  and  minimum  battery  requirements. 
Because  the  plate  voltage  is  low  (90),  every 
effort  was  made  to  reduce  the  losses  throughout 
the  rig.  Ceramic  and  polystyrene  insulation  is 
used  wherever  possible,  and  the  parts  are 
arranged  for  maximum  efficiency. 

As  can  be  seen  from  the  circuit  diagram  in 
Fig.  2841,  separate  lLE3’s  are  used  for  detector 
and  transmi tter  oscillator,  with  a  lLA4serving 
as  audio  amplifier  and  modulator.  A  switch  on 
the  panel  turns  off  the  filament  battery  when 
the  set  is  not  in  use,  and  another  switch 
is  used  for  the  “send-receive”  changes.  The 
only  unusual  feature  of  the  circuit  is  that  no 
regeneration  control  of  the  usual  type  is  used, 
but  a  tuned  antenna  coil  can  be  moved  in  rela- 
tion  to  the  grid  coil  and  provides  an  effective 
control  of  regeneration. 

The  unit  is  housed  in  a  7  by  15  by  3-inch 
chassis  which  provides  just  enough  space  for 
the  components.  The  tube  sockets  and  tuning 
condensers  are  mounted  on  a  7  by  3-inch  strip 
of  aluminum  supported  by  strips  of  J4-inch 
brass  rod  and  mounted  2 %  inches  down  from 
the  top  of  the  chassis.  This  allows  just  enough 
room  to  get  the  tubes  in  and  out  of  their 
sockets.  The  condensers  are  insulated  from  the 
chassis  by  National  XS-6  bushings,  and  the 
shafts  are  connected  to  the  dials  through 
bakelite  insulating  couplings.  The  variable 
antenna  coupling  is  made  by  drilling  a  piece 
of  J4' inch  bakelite  rod  so  that  it  will  take  the 
ends  of  the  antenna  coil,  L3,  and  mount  the 
eondenser  Ca.  The  wire  is  secured  to  the  shaft 
by  Duco  cement.  A  shaft  bushing  furmsftes  the 
bearing  for  the  shaft,  and  an  insulated  washer 


Fig.  2839  —  A  view  of  the  parts  and  wiring  below  the 
chassis.  The  grouping  of  "grounds”  is  the  only  impor¬ 
tant  consideration  fiere.  See  text  for  details. 


between  the  shaft  bushing  and  one  side  of  the 
coil  prevents  the  coil  from  shorting  against  the 
bushing.  A  short  piece  of  flexible  wire  from  the 
antenna  switch  to  the  coil  furnishes  some  drag, 
and  a  spring  washer  on  the  shaft  provides 
enough  additional  drag  to  allow  the  coil  to  be 
set  in  any  position  without  moving.  It  is  not  a 
very  critical  setting  and  does  not  need  to  be 
varied  often. 

The  send-receive  switch  is  modified  to  pro- 
vide  a  low-capacity  antenna  switch,  to  elimi- 
nate  coupling  between  the  transmitter  and 
receiver  circuits.  One  gang  of  a  two-gang 
three-circuit  two-position  switch  is  removed, 
and  the  switch  bar  is  tapped  for  two  4-36 
screws.  A  strip  of  polystyrene  is  bolted  to  this 
bar  and  serves  as  the  extension  arm  for  the 
antenna  switch.  It  passes  through  a  slot  in  the 
sub-chassis.  A  strip  from  an  old  phone  jack 
is  drilled  and  bolted  to  the  polystyrene  strip 
to  furnish  spring  and  contacts  for  the  switch. 
The  receiver  and  transmitter  contacts  are 
made  from  brass  strips  supported  by  feed- 
through  insulators  and  mounted  on  the  alumi¬ 
num  sub-chassis.  The  length  of  these  strips  is 
adjusted  so  that  the  switch  arm  will  just  make 
contact.  A  piece  of  flexible  wire  or  braid  runs 
from  the  antenna  post  to  the  switch  arm.  The 
antenna  post  is  made  by  mounting  a  Johnson 
jack  on  a  Millen  polystyrene  stand-off  insula- 
tor.  The  flexible  lead  is  insulated  where  it  goes 
through  the  top  of  the  chassis  by  running  it 
through  a  small  piece  of  polystyrene.  The 
antenna  is  a  4-foot  car  antenna,  and  it  is 
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Fig.  2840  —  A  self-con- 
tained  112-Mc.  transmitter. 
receiver.  The  two  large  knolig 
are  for  tuning  the  receiver 
and  transmitter,  the  knob 
between  them  is  the  "eend- 
receive”  switch,  and  the 
toggle  switch  turns  o£f  the 
filament  battery.  A  jack 
mounted  on  a  polystyrene 
stand-off  insulator  provides  a 
convenient  point  to  plug  in 
the  vertical  antenna.  The 
knob  on  the  side  of  the  chassis 
Controls  the  regeneration  in 
the  receiver  by  varying  the 
antenna  coupling. 


Fig.  2842  —  The  rear  view 
of  the  transmitter-receiver 
shows  the  position  of  tbe  bat- 
teriee  and  the  sub-cbassis 
whfch  supports  the  tubes  and 
tuning  condensers. 


Fig.  2841  —  Circuit  diagram  of  the  112-Mc.  trang- 

mitter -receiver. 

Ci  —  15-wifd.  midget  variable  (Hammarlund  HF-15). 

C2  —  3-15-/i/ifd.  mica  compression  trimmer  (National 
M-30  with  top  plate  trimmed  down). 

Cs —  6-aafd.  midget  variable  (Hammarlund  HF-15 
with  one  rotor  and  two  stator  plates  removed). 

C*  —  3-30-aafd.  mica  compression  trimmer  (National 
M-30). 

Cs,  Cs  —  50-/xpfd.  mica. 

C7  - —  SOO-p/ifd.  mica. 

Ki  —  12,000  ohmg,  )4-watt. 

Ra  —  5  megohms,  J4-watt. 

Ti  —  Pugh-pull  interstage  transformer  (Thordarson 
T13A36). 

Tz  —  Transceiver  transformer  (Thordarson  T72A59). 

RFCi  — 20  turns  No.  24  enam.,  J^-inch  diam.,  spaced 
diam.  of  wire. 

RFC2  —  U.h.f.  r.f.  choke  (Ohmite  Z-l). 

Si  — Two-gang  three-circuit  two-position  non-shorting 
switch,  modified.  See  text.  (Yaxley  1323L.) 


sweated  to  a  Johnson  jack  to  fit  snugly  into 
the  antenna  socket. 

The  details  of  construction  of  the  rest  of  the 
unit  can  be  gathered  from  Figs.  2842  and  2843. 
It  is  advisable  to  gather  together  all  of  the  parts 
before  drilling  any  holes,  so  that  one  can  be 
sure  there  will  be  room  for  everything.  The 
combination  A  and  B  battery  (Burgess  4TA60) 
is  held  in  place  by  a  piece  of  J^-inch  brass  angle 
at  the  top,  by  the  modulation  transformer  on 
the  side,  and  by  cardboard  stuffed  in  back  when 
the  back  plate  is  put  on.  The  microphone  and 
C  battery  (two  Burgess  B3BPX  in  parallel) 
is  held  in  place  by  a  brass  bracket  which  is 
fastened  directly  to  the  positive  terminals. 

No  difficulty  should  be  encountered  in  put¬ 
ting  the  unit  in  operation.  The  transmitter 
antenna  coupling  condenser,  Cz,  should  be 
screwed  up  until  the  oscillator  refuses  to 
oscillate,  from  which  point  the  condenser  can 
be  backed  o S  a  turn  or  two,  with  assurance 
that  the  coupling  is  adequate.  The  coil,  Ia, 
should  be  adjusted  so  that  the  112-Mc.  band 
will  fall  at  the  high-capaeity  end  of  the  tuning 
range  of  the  condenser.  It  is  not  necessary  to 
use  a  high-gain  carbon  microphone,  since 
the  4j/£  volts  in  the  microphone  circuit  allows 
more  than  enough  signal  to  get  to  the  modula¬ 
tor,  and  it  is  not  necessary  to  shout  into  the 
microphone  even  with  a  fairly  insensitive  unit. 
If  any  trouble  is  experienced  with  the  receiver 
not  “supering”  over  the  range  (as  indicated  by 
a  strong  hiss),  different  values  of  Rz  and  C7 
should  be  tried. 
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Fig.  2843  —  A  close-up  view  of  the 
suh-chassis  shows  the  two  arms  of  the 
antenna  switch  and  the  polystyre.ne 
lever  arm  running  from  the  "Bend- 
receive”  switch  up  through  the  slot 
to  the  flexible  lead  from  the  antenna 
post.  The  antenna  switch  is  mounted 
towards  the  front  of  the  sub-chassis; 
the  tube  sockets  (which  are  ring- 
mounting)  are  located  at  the  very 
rear  of  the  sub-chassis. 

The  transmitter  portion  is  at  the 
right  and  the  receiver  at  the  left.  The 
modulator  tube  Socket  is  the  center 
one. 


If  the  microphone  is  left  in  its  jack  when  the 
unit  is  turned  o  ff,  the  send-receive  switch 
should  be  set  at  “receive”,  otherwise  the 
microphone  battery  will  discharge  through  the 
microphone. 
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TJntil  quite  recently,  amplitude  modulation 
(variance  of  carrier  amplitude  in  accordance 
with  the  audio  frequencies  while  the  frequency 
of  the  carrier  remains  constant)  was  considered 
the  only  practical  type  of  modulation,  and 
every  effort  was  made  towards  reduction  or 
elimination  of  the  frequency  modulation  some- 
times  introduced  in  amplitude-modulation 
processes.  However,  it  has  been  demonstrated 
that,  with  the  proper  type  of  receiver,  fre¬ 
quency  modulation  can  result  in  the  reduction 
or  elimination  of  man-made  noise  to  a  much 
greater  degree  than  is  possible  with  the  more 
common  type  of  modulation.  Since  all  noise  is 
an  amplitude  variation,  a  receiver  that  is 
insensitive  to  amplitude  modulation  will  not 
be  aSected  by  noise.  Such  a  type  of  receiver  is 
used  for  the  reception  of  frequency-modulated 
signals,  and  it  results  in  virtually  noise-free 
reception.  Deliberate  f.m.  is  allowed  only  in 
the  58.5-  to  60-Mc.  range  and  the  higher- 
frequency  amateur  bands,  and  consequently 
it  is  a  part  of  only  the  u.h.f.  picture. 

Principles 

F.m.  consists  of  varying  the  frequency  of 
the  carrier  in  accordance  with  the  audio 
modulating  frequencies  at  a  rate  proportional 
to  the  frequency  of  the  modulating  signal  and 
by  an  amount  proportional  to  the  amplitude 
of  the  modulating  signal.  In  other  words,  the 
higher  audio  frequencies  will  change  the  fre¬ 
quency  of  the  carrier  faster,  and  the  louder 
audio  signals  will  swing  or  deviate  the  carrier 


Fig.  2901  —  The  characteriatic  of  the  second  detector 
of  an  f.m.  receiver.  The  vertical  axis  repreaenta  the 
voltage  developed  across  the  load  resistor  as  the  fre¬ 
quency  variea  from  the  exact  resonance  frequency. 

A  detector  with  this  characteriatic  would  handle  f.m. 
signals  up  to  a  band-width  of  about  150  kc.  (over  the 
linear  portion  of  the  curve). 
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frequency  farther  from  the  mean  frequency. 
The  mean  or  average  frequency  remains  con¬ 
stant  at  all  times;  thus  the  signal  deviation 
is  equal  on  either  side  of  the  carrier  frequency 
for  any  given  amplitude.  Linear  modulation 
simply  requires  that  the  deviation  be  directly 
proportional  to  the  amplitude  and  that  the 
rate  of  deviation  be  directly  proportional  to 
the  audio  frequency.  It  is  required  by  regula- 
tion  that  the  signal  amplitude  and  mean 
frequency  remain  constant  in  the  58.5-  to  60- 
Mc.  range  and,  for  this  reason,  the  5-meter 
f.m.  equipment  is  usually  a  bit  more  elaborate 
than  that  used  on  the  higher  frequencies. 

Although  f.m.  signals  can  be  received  on  an 
ordinary  superregenerative  or  superheterodyne 
receiver  by  tuning  off  to  one  side  of  the  carrier 
frequency,  it  is  only  by  using  a  regular  f.m. 
receiver  that  the  noise-limiting  properties  can 
be  obtained.  An  f.m.  receiving  system  differs 
from  an  a.m.  receiver  in  that,  instead  of  the 
detector  (or  second  detector  in  the  case  of  a 
superheterodyne),  it  uses  a  limiter,  to  remove 
all  tracés  of  amplitude  modulation,  and  a 
discriminator,  to  recover  the  audio  modula¬ 
tion  from  the  signal.  The  limiter  is  usually  a 
high-/i  tube  used  as  a  grid-leak-biased  am- 
plifier  stage  operating  at  low  plate  and  screen 
voltage.  When  enough  signal  is  applied  to  the 
grid,  the  rectified  current  through  the  grid 
leak  biases  the  tube,  and  this  in  combination 
with  the  low  plate  and  screen  voltage  causes 
the  tube  to  saturate  and  become  unresponsive 
to  any  amplitude  changes  above  a  certain 
level.  This  level  is  usually  quite  low  compared 
to  the  level  of  the  signal.  However,  in  order  for 
the  limiter  to  work  well,  it  is  necessary  that  a 
fairly  strong  signal  be  applied  to  it,  which 
requires  that  a  good  order  of  amplification  be 
used  ahead  of  the  limiter.  The  discriminator  is 
a  variety  of  full-wave  rectifier  (see  Fig.  2914), 
since  opposite  ends  of  the  transformer  sec- 
ondary  feed  the  two  diode  plates.  However, 
the  two  diode  cathodes  are  not  connected 
together  but  tie  across  opposite  ends  of  a  high 
resistance,  one  end  of  which  is  grounded.  The 
center  tap  of  the  transformer  secondary  is 
returned  to  the  midpoint  of  the  diode  load 
resistor  for  a  d.c.  return  and  is  also  coupled  to 
the  “hot”  end  of  the  transformer  primary 
through  a  small  coupling  condenser.  Thus  the 
voltage  applied  to  the  rectifier  network  can  be 
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Fig.  2902  —  Tliis  modulator -oscillator  unit 
can  wort  into  practically  aiiv  crystal-con- 
trolled  56-Mc.  transmitter  for  frequency- 
modulated  output.  It  contains  a  speech 
amplifier  and  power  supply,  so  that  no  addi- 
tional  equipment  is  needed. 

The  oscillator  coil  is  in  the  round  shield 
can  in  the  center.  The  coil  in  the  left  fore- 
ground  is  the  buffer  output  circuit.  Speech 
amplifier  and  modulator  are  at  the  right, 
with  the  power  supply  along  the  rear  edge. 
A  7  by  1 1  chassis  is  used. 


considered  as  consisting  of  two  parts:  that 
contributed  by  capacity  coupling  through  the 
condenser  and  that  induced  by  inductive 
coupling  between  the  two  windings.  The  volt¬ 
age  introduced  by  capacity  coupling  is  in  phase 
with  the  voltage  across  the  primary  of  the 
transformer  while  the  voltage  induced  by 
inductive  coupling  is  always  180°  out  of  phase 
with  the  voltage  across  the  primary.  At  reso- 
nance,  the  current  in  the  secondary  will  be  in 
phase  with  the  secondary  voltage,  since  the 
secondary  winding  shows  only  resistance  at 
this  frequency,  but  at  frequencies  higher  and 
lower  than  resonance  the  secondary  will  show 
inductive  and  capacitive  reactanee,  respec- 
tively,  and  the  current  will  lag  and  lead  the 
voltage.  The  resultant  rectified  voltage  devel- 
oped  across  the  load  resistor  can  be  drawn  as  in 
Fig.  2901,  which  might  be  considered  the 
detection  characteristic  of  the  stage.  Thus  no 
voltage  is  developed  across  the  load  resistors 
at  resonance,  but  as  the  frequency  becomes 
higher  than  resonance  a  proportionate  negative 
voltage  appears  across  the  resistor,  and  as  the 
frequency  becomes  lower  than  resonance,  a 
proportionate  positive  voltage  appears  across 
the  load  resistor.  Hence  the  audio  output  is 
proportional  to  the  frequency  deviation  and, 
for  good  detection,  this  characteristic  should 
be  linear  over  the  pass  band  of  the  i.f.  amplifier 
and  symmetrical  about  the  resonance  fre¬ 
quency  of  the  amplifier. 

In  the  transmitter,  the  design  is  conventional 
except  for  the  modulator  circuit.  Unlike  a.m. 
Systems,  the  modulator  is  a  tube  working  as  a 
variable  inductance  (or  capacitance)  connected 
across  the  tank  circuit  of  a  self-excited  oscilla¬ 
tor.  Audio  voltage  fed  to  the  modulator  tube 
causes  it  to  act  as  more  or  lesa  inductance  (or 
capacity,  depending  upon  the  way  the  tube  is 


connected)  and  thus  varies  the  frequency  of 
the  oscillator.  The  output  of  the  oscillator 
passes  to  the  conventional  doubler  and  am¬ 
plifier  stages. 

The  tube  connected  to  work  as  a  variable 
inductance,  or  reactanee  modulator  (see 
Fig.  2903  —  the  6L7  is  the  reactanee  modula¬ 
tor),  has  its  control  grid  connected  across  a 
small  capacity,  Cu,  which  is  in  series  with  re¬ 
sistor  jBii  across  the  oscillator  tank  circuit. 
The  current  through  Ru  will  be  in  phase  with 
the  voltage  across  the  tank,  but  the  voltage 
across  Cn  will  be  90°  behind  the  current,  be- 
cause  of  the  property  of  a  condenser  in  causing 
the  voltage  across  it  to  be  in  quadrature  with 
the  current  through  it.  The  r.f.  current  in  the 
modulator  plate  circuit  will  be  in  phase  with 
the  r.f.  voltage  on  the  grid,  and  consequently 
lags  the  current  through  Cu  by  90°.  This 
lagging  current  is  drawn  through  the  oscillator 
tank,  and  since  causing  a  90°  lagging  current  is 
the  property  of  an  inductance,  the  modulator 
tube  simulates  an  inductance  connected  in 
parallel  with  the  tank  inductance.  The  am¬ 
plitude  of  the  lagging  current,  and  hence  the 
effective  value  of  the  inductance,  can  be  varied 
by  changing  the  amplification  through  the 
tube.  By  varying  the  current  at  an  a.f.  rate, 
frequency  modulation  is  obtained.  Other 
variations  of  tube  dements  can  be  used,  as 
will  be  seen  in  other  reactanee  modulators  to 
be  described,  but  the  principle  is  the  same. 

A  reactanee  modulator  can  be  checked  for 
linearity  by  placing  a  low-range  milliammeter 
in  its  plate  circuit  and  noting  whether  or  not 
the  plate  current  flickers  under  modulation. 
If  it  does,  it  normally  indicates  that  the  audio 
signal  is  in  excess  of  the  bias  of  the  modulator, 
and  that  the  modulator  should  not  be  run  at 
such  a  high  signal  level.  The  reactanee  modula- 
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tor  is  essentially  a  Class  A  amplifier,  and  the 
same  general  principles  for  linearity  hold. 

If  the  reactance  modulator  does  not  give 
enough  deviation  to  the  oscillator,  the  L/C 
ratio  of  the  oscillator  tank  must  be  increased. 
The  L/C  ratio  should  not  be  increased  past  the 
point  that  allows  the  desired  deviation  to  be 
obtained  without  distortion,  because  raising 
the  L/C  ratio  is  likely  to  decrease  the  inherent 
stability  of  the  oscillator.  A  good  figure  of 
deviation  for  amateur  f.m.  is  15  kc.  either  side 
of  the  carrier  frequency.  This  is  easily  obtained 
with  the  constants  given  for  the  equipment 
described  in  this  chapter.  (Bib.  1) 


Art  F.M.  Modulator -Oscillator  Unit 

If  one  already  has  a  crystal-controlled  56- 
Mc.  transmitter  using  amplitude  modulation, 
it  is  a  relatively  simple  matter  to  disconnect 
the  modulator  and  substitute  for  the  crystal- 
controlled  oscillator  the  f.m.  oscillator-modula- 
tor  shown  in  Figs.  2902-2904.  The  r.f.  output 
of  the  unit  is  intended  to  be  fed  through  a  link 
to  a  tuned  circuit  which  substitutes  for  the 
crystal  in  the  crystal  oscillator.  This  tuned 
circuit  is  resonant  at  the  same  frequency  as 
the  output  tank  of  the  control  unit,  L2C3  in 
Fig.  2903,  and  is  in  fact  identical  with  it  in 


Fig.  2903  —  Circuit  diagram  of 

Cl  —  150-Mafd.  silvered  mica  for 
7  Mc.,  650  iififd.  for  3.5  Mc.; 
1150  ,mfd.  for  1.75  Mc. 

C2  —  100-a/ifd.  variable  (National 
SE-100). 

C3  —  50-pjufd.  variable  (Hammar- 
lund  IIF-50). 

C4  —  100-njifd.  mica. 

Cs  —  250-/o»fd.  mica. 

Ce  —  0.001-afd.  mica. 

C7,  Cs,  Cs,  C10  —  0.01-iifd.  paper. 

C11  —  3-30-/ijufd.  compression  trim¬ 
mer  (set  full  open). 

Ci2  —  250-1» nfd.  mica. 

C13  —  0.01-iifd.  paper. 

Cu  —  8-i»fd.  clectrolytic,  450-voIt. 

Cis  —  0.01-pfd.  paper. 

Cie,  C17  —  10-pfd.  25-yolt  electro- 
lytic. 

Cis  — 0.1-i»fd.  paper. 

Cis,  C20  —  0.01-iifd.  paper. 

C21  - —  Dual  8-pfd.  electrolytic,  450- 
volt. 

C22,  C23  —  8-pfd.  clectrolytic,  450- 
volt. 


the  control  unit  for  use  with  normally  crystal-controlled  transmitters. 


Rl  — 0.1  megohm,  1-watt. 

R2  —  25,000  ohms,  1-watt. 

R3,  R4,  Rs  —  50,000  ohms,  1-watt. 
Re  —  300  ohms,  H-watt. 

R7  —  0.5  megohm,  k£-watt. 

Rs  —  300  ohms,  hS-watt. 

Rs  —  30,000  ohms,  1-watt. 

R10  —  0.5  megohm,  l^-watt. 

Rn  —  50,000  ohms,  1-watt. 

R12  —  5  megohms,  j^-watt. 

R13  —  900  ohms,  %-walt. 

R14  —  1  megohm,  pjj-watt. 

R15  —  0.25  megohm,  J^-watt. 

Rie  —  0.5-megohm  volume  control. 
R17  —  2000  ohms,  J^-watt. 

Ris  —  50,000  ohms,  p^-watt. 

Ris  —  0.25  megohm,  )^-watt. 

R20  —  0.15  megohm,  1-watt. 

RFC  — 2.5-mh.  r.f.  choke. 

Li  —  7  Mc.:  10  tums  No.  18  enam- 
elled,  length  %  inch,  di¬ 
ameter  1  inch,  tapped  3rd 
turn  from  ground. 


3.5  Mc.:  11  tums  No.  24 
enam.,  length  Yx  inch,  di¬ 
ameter  1  inch,  tapped  4th 
turn  from  ground. 

1.75  Mc.:  21  tums  No.  24 
enam.,  length  1  inch,  di¬ 
ameter  1  inch,  tapped  6th 
turn  from  ground. 

L2  —  14  Mc.:  10  tums  No.  18. 

7  Mc.:  20  tums  No.  18. 

3.5  Mc.:  40  tums  No.  24. 

1.75  Mc.:  75  tums  No.  26. 

All  coils  wound  with  enamelled 
wire  on  lj^-inch  diameter 
forms  (Hammarlund  SWF- 
4).  1.75 -Mc.  coil  close - 

wound;  others  spaced  to  a 
length  ofl>£  inches. 

Link  3  to  5  turns,  not  critical. 

La  —  10  henrys,  40  ma. 

Ti  — 250  volts  at  40  ma.;  6.3  volts 
at  2  amp.;  5  volts  at  2  amp. 
(Thordarson  T13R11). 

Sw  —  S.p.s.t.  toggle  switch. 


Note:  Data  for  Li  subject  to  individual  trimming  for  proper  frequency  coverage.  Adjust  inductance  hy  changing 
turn  spacing  to  bring  low  frequency  end  of  band  near  maximum  capacity  on  Ca.  Coil  specifications  given  apply  to 
coil  centered  in  round  shield  2  inches  in  diameter  and  2%  inches  high.  The  3.5-  and  7-Mc.  coils  will  give  full  cover- 
age  of  the  56-60-Mc.  band  with  Ca  100  i»/»fd.;  the  1.75-Mc.  coil  will  cover  approximately  57-60  Mc.  with  the  same 
variable  condenser. 
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Fig.  2904  —  In  this  bottom  view  of  the  unit,  tbe  r.f.  gection  is  at  the 
right  and  the  audio  at  the  left.  The  oscillator  Socket  is  the  one  just  to  the 
right  of  the  coil  Socket  in  the  center. 


construction.  In  transmitters 
using  triode  or  pentode  crystal 
oscillators  in  which  the  tubes 
are  not  well  screened,  it  is  ad- 
visable  to  use  the  crystal  oscil¬ 
lator  tube  as  a  doubler  rather 
than  as  a  straight  amplifier.  If 
the  transmitter  uses  a  7-Mc. 
crystal  oscillator,  for  instance, 
the  output  of  the  unit  can  be  on 
3.5  Mc.  and  the  grid  circuit  of 
the  ex-crystal  tube  tuned  also 
to  3.5  Mc.  This  will  avoid  diffi- 
culty  with  self-oscillation  in  the 
ex-crystal  tube.  With  a  pentode 
oscillator  it  is  possible  to  work 
straight  through  provided  the 
grid  tank  substituted  for  the 
crystal  is  tuned  well  on  the  high- 
frequency  side  of  resonance,  but 
this  procedure  is  not  advisable 
since  it  may  make  the  modula- 
tion  non-linear.  It  is  rather  im¬ 
portant  that  all  circuits  in  the 
transmitter  be  tuned  “on  the 
nose”  for  best  performance.  Of 
course,  if  the  crystal  tube  is  a  well-screened 
transmitting  type  it  can  be  used  as  a  straight 
amplifier. 

With  harmonic-type  oscillators  the  input  fre¬ 
quency  can  be  the  same  as  that  of  the  crystal, 
since  the  output  frequency  of  the  crystal  tube  is 
already  a  harmonie.  In  the  Tri-tet  the  cathode 
tank  should  be  short-circuited;  in  the  types 
using  a  cathode  impedance  to  pro  vide  feedback 


this  impedance  also  should  be  shorted.  Care 
should  be  taken  to  avoid  short-circuiting  the 
grid  bias,  whether  from  a  cathode  resistor  or  grid 
leak.  In  the  latter  case  this  usually  will  mean 
that  a  blocking  condenser  (500  ^fd.  or  larger) 
should  be  connected  between  the  “hot”  end  of 
the  grid  tank  and  the  grid  of  the  ex-crystal  tube, 
with  the  grid  leak  (and  choke)  connected  on  the 
grid  side  of  the  condenser.  Such  a  blocking 
condenser  can  be  incorporated  in 
the  plug-in  tank.  The  grid  tank 
tuning  condenser  can  be  a  small 
air  padder  mounted  in  the  coil 
form. 

Those  who  already  have  a  suit- 
able  power  supply  and  speech  am¬ 
plifier  can  omit  the  lower  part  of 
Fig.  2903  and  build  simply  the 
oscillator,  buffer  and  modulator. 
Transformer  input  to  the  modu¬ 
lator  can  be  used  in  case  the  avail- 
able  speech  amplifier  happens  to 
have  a  low-impedanee  output  cir¬ 
cuit.  The  transformer  and  gain 
control  connect  between  ground 
and  point  “A”  of  Fig.  2903,  R^ 
being  omitted.  Any  of  the  conven- 
tional  methods  may  be  used,  in 
fact,  to  couple  the  modulator  to 
an  available  speech  amplifier,  with 
one  precaution — if  a  high-imped- 
ance  connection  is  used  the  “hot” 
lead  should  be  shielded  to  prevent 
hum  piekup.  (Bib.  S) 

If  a  self-excited  oscillator,  elec- 
tron-coupled  or  otherwise,  is  in  use 


Fig.  2905  —  The  complete  56-Mc.  f.m.  transmitter  has  all  of  the  r.f. 
component!!  under  the  chassis  with  the  exception  of  the  oscillator  grid 
c°il,  which  is  housed  in  the  shield  can  in  the  rear  center  of  the  chassis. 
The  tubes,  from  left  to  right,  are  7C5  output  amplifier,  7G7  doubler, 
6F6  e.c.o.,  6SA7  reactance  modulator,  and  VR.150  voltage  regulator. 
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Fig.  2907  —  A  view  underneath  the  chassis  of  the  56-Mc.  f.m.  transmitter 
shows  the  volume  control  at  the  left,  the  oacillator  control  at  the  center,  the 
doubler  tnning  control  at  the  right,  and  the  final  amplifier  tuning  control  at 
the  side.  The  microphone  is  connected  to  a  connector  on  the  left  side  of  the 
chassis,  and  the  four-prong  plug  and  flexihle  wire  connect  to  power  supply 
and  microphone  battery  respectively.  Note  the  shield  between  the  final  tuning 
condenser  and  the  oscillator  tuning  condenser,  to  reduce  reaction  between  the 
two  circuits,  and  the  wire  running  from  the  doubler  tuning  condenser  to  near 
the  final  tank  condenser  which  is  used  as  a  neutralizing  condenser  (N  in  Fig. 

2906). 

The  output  connects  to  the  two  binding  posts  monnted  on  a  Victron  strip. 

in  the  present  transmitter,  a  separate  oscillator 
need  not  be  built,  and  the  reactance  modulator 


can  be  connected  directly 

across  the  tank  circuit  of  the 
oscillator.  If  the  oscillator 
uses  too  high  a  C/L  ratio,  not 
enough  deviation  may  be  ob- 
tained  without  distortion, 
and  it  is  advisable  to  revise 
the  L/C  ratio  in  the  oscil¬ 
lator  to  be  more  comparable 
to  those  given  in  Fig.  2903. 

A  Complete  56-Mc.  F.M. 
Transmitter 

The  transmitter  shown  in 
Figs.  2905-2907  will  yield  a 
carrier  of  approximately  7 
watts  on  56  Mc.,  using  a 
power  supply  of  300  volts 
rating.  A  reactance  modu¬ 
lator  is  incorporated  in  the 
unit,  and  if  it  is  desired  to 
use  amplitude  modulation 
the  gain  control  on  the  re¬ 
actance  modulator  should  be 
set  at  zero  and  the  necessary 
6  watts  of  audio  connected 
in  series  to  the  plate  and 
screen  lead  of  the  7C5  out¬ 
put  amplifier.  Used  as  an  f.m.  transmitter,  the 
entire  unit  uses  300  volts  at  about  90  ma.,  mak- 


Fig.  2906  —  Wiring  diagram  of  the  56-Mc.  f.m.  transmitter. 


Ci  —  0.01-nfd.,  400-volt  paper. 

Ca  —  8-/ifd.  450-volt  electrolytic 
and  0.005-pfd.  mica  in 
parallel. 

Cs  —  0.001-iifd.  mica. 

C<  —  500-n/ifd.  mica. 

Cs,  Co,  C12  - —  100-«ifd.  mica. 

C«  —  15-nnfd.  midget  variable 
(Hammarlund  HF-15). 

C7  —  25-nnfd.  silvered  mica 
(Sprague). 

Cs,  C10,  Cis  —  0.005-nfd.  mica. 

C11  —  35-«ifd.  midget  variable 
(Hammarlund  HF-35). 

C14  —  35  im fd.  per  section  midget 
split  stator  (Cardwell  ER- 
35-AD). 

Cis  —  Two  500-«ifd.  mica,  one  at 
each  end  of  rotor. 


N  —  Neutralizing  condenser,  see 
telt. 

Ki  —  1 00,000 -ohm  volume  control. 
Ra  —  750  ohms. 

Rs  —  0.25  megohm. 

Ri  —  50,000  ohms. 

Rs  —  5000  ohms. 

R#  —  25,000  ohms. 

R7  —  0.1  megohm. 

Rs  —  75,000  ohms. 

R»  —  5000  ohms,  1-watt. 

R10  - —  3000  ohms,  10-watt  wire- 
wound. 

AU  resistors  )-£-watt  unless  other- 
wise  mentioned. 

RFCi  —  2.5-mh.  r.f.  choke. 

RFCa  —  U.h.f.  r.f.  choke  (Ohmite 
Z-l). 

Ti  —  Microphone  transformer 


(Thordarson  T58A37). 

Li  —  10J4  turns  No.  20  enam. 
spaced  to  occupy  1  inch  on 
1-inch  diam.  form,  cathode 
tap  23^  turns  up.  Plugged 
into  socket  on  chassis. 

La  —  14  turns  No.  20  enam.  spaced 
to  occupy  lJ^j  inches,  with 
diam.  of  9/16  inch,  selfsup¬ 
porting  (see  test). 

Lb  —  4  turns  No.  20  enam.,  J^-inch 
diam.  and  -inch  long. 

L»  —  6  turns  No.  14  enam.,  %-inch 
inside  diam.,  wound  to  oc¬ 
cupy  1-inch  length,  with 
■tjj-inch  gap  in  center  to 
take  the  swinging  link  of  2 
turns  No.  14  enam..  same 
diam. 
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ing  it  ideal  to  run  from  a  vibrator  pack  for 
portable/mobile  work. 

A  single-button  carbon  microphone  is  trans- 
former-coupled  to  the  6SA7  reactance  modu¬ 
lator  which  is  connected  across  the  tank  circuit 
of  the  6F6  e.c.o.  A  VR-150  stabilizes  the  volt¬ 
age  across  the  oscillator  and  modulator  and 
aids  materially  in  keeping  the  mean  frequency 
constant.  The  grid  circuit  of  the  e.c.o.  tunes 
from  14  to  15  Mc.  with  a  slight  margin  at  either 
end  of  the  tuning  range,  and  the  plate  circuit 
of  the  e.c.o.  is  tuned  to  28  Mc.  by  using  a  self- 
resonant  coil  which  is  adjusted  for  maximum 
output  by  squeezing  the  turns  together  or 
pulling  them  apart.  Once  adjusted,  it  need  not 
be  touched  for  any  tuning  conditions.  The 
28-Mc.  output  of  the  e.c.o.  drives  a  7G7/1232 
doubler  to  56  Mc.,  which  in  turn  drives  the 
output  amplifier.  With  a  300-volt  supply,  the 
final  grid  current  should  run  about  0.6  ma. 
under  load  for  linéar  amplitude  modulation. 
If  f.m.  is  used  exelusively,  the  grid  current  can 
run  lower  with  no  harmful  effect  other 
than  a  slight  decrease  in  output  of 
the  amplifier.  The  7C5  final  amplifier 
is  plate  neutralized  by  running  a  stiff 
wire  from  the  plate  side  of  the  doubler 
tuning  condenser  over  near  the  open 
side  of  the  final  amplifier  split-stator 
tuning  condenser.  The  capacity  from 
this  wire  to  the  stator  of  the  conden¬ 
ser  is  sufficiënt  to  neutralize  the  final 
amplifier,  and  it  is  adjusted  by  snip- 
ping  off  the  wire  a  small  bit  at  a  time 
until  the  plate-tank  tuning  shows  no 
reaction  on  the  grid  current  (with 
plate  and  screen  voltage  off). 

No  difficulty  should  be  encountered 
in  adjusting  the  transmi tter  other 
than  spotting  the  e.c.o.  coils  to  the 
proper  frequencies.  The  grid  coil 
should  be  adjusted  to  the  proper  range 
with  the  reactance  modulator  tube  in 
the  circuit,  and  the  range  can  be 
varied  by  pushing  the  turns  together 
or  spreading  them  apart,  while  check- 
ing  the  frequency  on  a  calibrated  re- 
ceiver.  The  e.c.o.  plate  coil  can  best 
be  adjusted  by  reading  grid  current 
to  the  final  amplifier  (by  cutting  in  a 
0-1  milliammeter  between  fig  and 
ground)  and  adjusting  Lj  until  the 
grid  current  is  a  maximum  with  the 
oscillator  set  at  14.5  Mc. 

The  plate  current  of  the  final  am¬ 
plifier  will  run  around  45  ma.  when 
the  stage  is  properly  loaded.  The 
loading  is  varied  by  changing  the  po- 
sition  of  the  “swinging  link”  fastened 
to  the  output  binding  posts. 

When  using  f.m.,  the  amount  of 


deviation  is  controlled  by  the  setting  of  the  gain 
control,  R\.  With  the  gain  control  wide  open, 
the  deviation  is  over  30  kc.  on  58.5  Mc.,  which 
is  more  than  adequate  for  all  purposes.  When 
the  receiving  station  does  not  have  a  regular 
f.m.  receiver,  the  signal  can  be  received  on 
a  conventional  receiver  by  reducing  the  devi¬ 
ation  at  the  transmitting  end  and  tuning  the 
signal  off  to  one  side  of  resonance  at  the  receiv¬ 
ing  end. 

The  power  lead  from  the  power  supply  plug 
to  the  final  amplifier  was  shielded  because  it 
showed  some  tracés  of  r.f.  All  r.f.  should  be 
kept  out  of  the  power  supply  in  a  rig  like  this 
where  the  oscillator  is  self-excited,  because  it  is 
likely  to  roughen  the  note.  When  properly  ad- 
justed,  the  signal  should  be  a  very  good  T9. 
If  it  is  still  rough  with  the  reactance  modulator 
tube  out  of  its  Socket,  the  trouble  is  in  the 
e.c.o.;  if  it  is  rough  with  the  modulator  tube 
in  its  Socket  and  the  volume  control  set  at 
zero,  the  trouble  is  in  the  modulator. 


Fig.  2908  —  A  complete  112-Mc.  f.m.  transmitter  which,  with  a 
300-volt  power  supply,  gives  6  watts  output. 

A  quarter-wavelength  line  is  used  for  the  112-Me.  tank,  and  Lhe 
load  is  coupled  in  through  the  pick-up  loop.  Controls,  from  left  to 
right,  are  meter  Bwitch,  oscillator  plate  tuning,  doubler  plate  tun¬ 
ing,  tripler  grid  tuning,  oscillator  tuning  and  audio  gain.  The 
microphone  connector  can  be  seen  at  the  right  rear  of  the  chassis. 
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Fig.  2909  —  Th  ie  view  of  the  transmitter  showB  the  conetruetion 
of  the  coils.  The  cpil  in  the  rear  left-hand  eorner  is  the  oseillator  plate 
coil;  the  coil  in  the  center  front  is  the  tripler  grid  coil,  mounted  on 
Victron  bushings.  The  oseillator  grid  coil  is  mounted  inside  the 
shield  can.  The  metal  tube  at  the  rigkt  of  the  shield  can  is  the  6L7 
modulator;  tbe  tube  to  tbe  left  of  the  can  is  the  oseillator. 


A  112-Mc.  F.M.  Transmittez 

Although  the  transmitter  just  described  can 
be  used  to  drive  a  doubler  and  amplifier  to  112 
Mc.  (see  Figs.  2816-2819),  a  different  ap- 
proach  is  made  in  the  transmitter  shown  in 
Figs.  2908-2911.  The  e.c.o.  working  on  9.33- 
9.67  Mc.  and  doubling  in  the  plate  circuit  to 
18.66-19.33  Mc.  is  conventional,  as  is  the 
doubler  which  follows  it  and  gives  output  from 
37.33  to  38.66  Mc.  However,  this  energy  is 
used  to  drive  an  RK34  connected  in  push-pull 
which  triples  to  the  112-  to  116-Mc.  range. 
The  use  of  the  balanced  push-pull  tripler  stage 
and  a  quarter-wavelength  line  instead  of  a  coil 
and  condenser  in  the  output  circuit  results  in 
good  efficiency  and  an  output  of  approxi- 
mately  6  watts  on  112  Mc.  The  reactance 
modulator  across  the  grid  circuit  of  the  e.c.o. 
is  conventional. 

A  meter  switch  is  provided  for  metering  the 
oseillator  plate  circuit,  doubler  grid  circuit, 
doubler  plate  and  screen  circuit,  tripler  grid  cir¬ 
cuit  and  tripler  plate  circuit.  None  of  the  cir¬ 


cuits  takes  over  100  pin.)  and  tliat 
range  of  meter  is  suggested. 

The  transmitter  is  built  on  a  chassis 
of  Ife'ittch  aluminum,  bent  to  form  a 
“U”  with  2J4-inch  sides.  The  top  of 
the  chassis  measures  6  by  12  inches. 
Bending  the  sides  gives  the  chassis 
sufficiënt  rigidity,  and  no  additional 
bracing  is  required  even  though  the 
oseillator  is  self-excited.  Reference  to 
the  photographs  will  give  a  clear  idea 
of  the  distribution  of  parts,  and  no 
lengthy  description  is  necessary.  The 
oseillator  tuning  condenser  C\  is  fas- 
tened  directly  to  the  chassis,  and  con- 
densers  C2  and  C3  are  mounted  on 
National  XS-6  lead-through  bushings 
which  support  the  condensers  but  in- 
sulate  them  from  the  chassis.  To  re- 
tain  short  leads  in  the  oseillator  and 
still  make  the  panel  Controls  symmet- 
rical,  it  was  necessary  to  offset  the 
extension  shaft  controlling  C 1,  but  one 
of  the  new  Millen  39001  fiexible  cou- 
plings  does  a  good  job  of  turning  the 
corner  without  back-lash.  Condenser 
C4,  is  mounted  on  the  two  end-plate 
spacing  bars  and,  fortunately,  lines  up 
with  the  other  shafts.  Panel  bushings 
are  used  on  the  two  extension  shafts 
to  keep  the  Controls  rigid. 

The  oseillator  coil  is  wound  on  a 
1-inch  diameter  bakelite  form  (Millen 
45000  or  National  XR-2)  and  is  sup- 
ported  above  the  chassis  by  a  half- 
inch  brass  sleeve  over  the  mounting 
screw.  The  shield  for  the  oseillator 
coil  was  made  by  cutting  down  an  old 
straight-sided,  2-inch  diameter  tube 
shield.  The  oseillator  plate  coil,  Li,  is  self¬ 
supporting  and  is  mounted  on  the  base  of  an 
old  coil  form  which  has  been  cut  off  at  the  bot- 
tom  and  plugs  into  a  tube  socket.  The  doubler 
plate  coil,  L3,  is  also  self-supporting  and  is 
mounted  directly  on  the  tuning  condenser, 
while  the  tripler  grid  coil,  Li,  and  link  are  self¬ 
supporting  and  mount  on  the  National  Victron 
type  TPB  bushings.  They  can  be  soldered  di¬ 
rectly  to  the  ends  of  the  posts  instead  of  thread- 
ing  the  support  and  using  nuts  as  shown  in  the 
photographs. 

The  final  tank  circuit  is  made  of  quarter-inch 
copper  tubing  spaced  yi  inch.  It  is  supported 
at  the  base  by  a  copper  strap  in  which  two 
holes  have  been  drilled  to  take  the  tubing  and 
the  tubing  has  been  soldered  in.  If  one  soldering 
iron  won’t  furnish  enough  heat  for  the  job, 
borrow  another  and  run  them  both  on  the 
work.  The  tubing  should  first  be  straightened, 
and  then  cleaned  with  polish.  After  the  tubing 
has  been  soldered  to  the  strap,  two  National 
metal-tube  grid  caps  can  be  run  down  the  tub- 
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ing  to  the  copper  strap  and  soldered  together 
when  in  position  near  the  strap  so  that  their 
spacing  will  be  correct.  The  tubing  can  then 
be  bent  over  in  a  loop  so  that  the  ends  will 
come  down  near  the  plate  caps  of  the  RK-34. 
The  copper  base  strap  at  the  bottom  of  the 
tank  is  supported  by  bolting  it  to  two  feed- 
through  bushings.  The  grid  caps  used  to  con- 
nect  to  the  RK-34  are  connected  to  the  end  of 
the  tank  by  inch  lengths  of  flexible  copper 
braid  soldered  to  the  grid  caps  and  the  copper 
tubing.  The  flexible  connection  is  to  be  pre- 
ferred  to  a  more  rigid  one  in  case  of  expansion 
or  other  strains  on  the  RK-34. 


The  hairpin  coupling  loop  is  made  of  bé-inch 
copper  tubing  bent  to  the  proper  shape  and 
soldered  to  two  banana  plugs  which  fit  into  jack 
top  binding  posts  such  as  the  National  PWA. 
The  binding  posts  are  mounted  on  a  Victron 
strip  and,  besides  affording  a  support  for  the 
coupling  loop,  make  convenient  terminals  for 
the  antenna  wires  or  link  line  to  a  following 
stage.  Coupling  is  adjusted  by  bending  the 
loop  away  or  towards  the  tank  line  until  the 
proper  loading  is  obtained. 

One  side  of  the  heaters  of  the  tubes  is 
grounded  to  the  chassis.  The  power  supply 
leads  are  brought  out  at  the  rear  of  the  set 
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Fig.  2911  —  A  view 
underneath  the  chassis 
shotvs  the  location  of 
parts.  The  microphone 
Iraiisforiiier  is  at  the 
lower  right,  right  ncxt 
to  the  microphone 
connector.  The  smal] 
3 -nfitd.  condenser  used 
in  the  modulator  eau 
be  seen  to  the  left  of 
the  iransformer,  and 
direetly  abovc  is  the 
oscitlator  Inning  eon- 
denser.  The  power 
cahle  runs  out  the 
baek  of  the  set  at  the 
lower  leftdiazld  corner; 
the  twi«ted  pair  taken 
out  the  same  hole  goes 
to  the  meter. 


through  a  rubber  bushing  —  one  wire  for  B 
minus  and  the  grounded  side  of  the  heaters,  a 
second  for  B  plus  and  a  third  for  the  other  side 
of  the  heaters.  The  fourth  wire  of  the  cable  goes 
to  the  microphone  battery,  if  a  carbon  micro¬ 
phone  is  used.  A  twisted  pair  goes  to  the  meter. 
The  leads  from  the  microphone  jack  and  from 
the  volume  control  to  grid  and  transformer  are 
shielded  to  avoid  any  r.f.  pick-up.  The  3^-watt 
resistors  used  in  the  metering  circuits  are 
mounted  direetly  on  the  two-gang,  five-position 
switch  used  for  meter  switching. 

If  the  coil  dimensions  have  been  followed,  no 
trouble  should  be  experienced  in  adjusting  the 
frequency  range  of  the  transmitter.  The  6L7 
and  two  T21’s  should  be  placed  in  their  sockets 
and  a  power  supply  giving  about  250  volts 
should  be  connected  to  the  set.  A  300-volt 
supply  could  be  used,  but  it  is  well  to  adjust 
the  coils  at  a  lower  voltage.  An  all-wave  re- 
ceiver  is  quite  handy  for  checking  the  fre¬ 
quency  of  the  transmitter  and  will  save 
considerable  time  in  adjusting  the  circuits. 
When  the  power  is  applied  and  the  meter 
switch  set  to  read  oscillator  plate  current,  a  dip 
should  show  as  the  oscillator  plate  circuit  is 
tuned  through  resonance,  indicating  oscilla- 
tion.  The  all-wave  receiver  should  be  tuned  to 
9.5  Mc.  and  it  should  be  possible  to  piek  up  the 
signal  by  tuning  the  grid  circuit  of  the  e.c.o. 
When  it  has  been  ascertained  that  the  grid 
circuit  will  tune  the  range  9.3  to  9.7  Mc.,  the 
oscillator  plate  circuit  range  should  be  checked 
by  tuning  for  a  dip  in  current  over  this  range. 
The  T21  doubler  should  be  in  the  Socket  at  this 
time  because  the  input  capacity  is  high,  and  if 
the  coil  is  adjusted  with  the  following  tube  out 
of  its  socket,  it  will  be  found  that  the  circuit 
will  not  tune  to  resonance  when  the  doubler 
tube  is  plugged  in. 

When  the  oscillator  coils  have  been  adjusted 


to  cover  their  proper  ranges,  the  meter  should 
be  switched  to  the  doubler  plate  circuit  and 
resonance  checked  here.  Then,  with  the  RK-34 
in  the  socket  but  with  the  plate-voltage  wire 
disconnected  at  the  base  of  the  plate  tank,  the 
RK-34  grid  circuit  should  be  checked  for  reso¬ 
nance  by  watching  the  RK-34  grid  current. 
It  will  be  found  that  the  T21  plate  circuits  tune 
broadly  but  the  RK-34  grid  circuit  tunes  quite 
sharply.  When  grid  current  is  obtained  in  the 
RK-34  (of  the  order  of  10-12  ma.  with  250 
volts  on  the  T21’s),  plate  voltage  can  be  ap¬ 
plied  to  the  RK-34  and  the  slider  moved  up 
and  down  until  the  RK-34  plate  current  dips 
sharply.  The  slider  has  plate  voltage  on  it,  so 
move  it  with  a  small  piece  of  wood  or  some 
other  insulating  material  and  keep  one  hand  in 
your  pocket.  With  the  oscillator  on  9.5  Mc. 
and  the  other  circuits  tuned  to  the  proper  har¬ 
monies,  the  resonance  dip  should  be  obtained 
with  the  slider  about  one  inch  from  the  bottom. 
Any  great  discrepancy  from  this  indicates  that 
the  wrong  harmonie  has  been  picked  up  some- 
where  along  the  line,  but  no  serious  trouble 
should  be  encountered  if  the  coil  data  have 
been  followed.  The  cathode  resistor  prevents 
the  plate  current  from  running  too  high  in  the 
ofi-resonance  condition  and  should  not  be 
omitted  from  the  circuit. 

When  all  circuits  have  been  found  to  reso- 
nate,  the  300  volts  can  be  applied  to  the  set 
and,  if  everything  is  working  properly,  you 
should  run  about  100  ma.  screen  and  plate 
current  on  the  T21  doubler,  and  12  to  15  ma. 
grid  current  on  the  tripler  and,  with  no  load, 
the  tripler  plate  current  should  be  about  20 
ma.  A  small  dial  lamp  connected  to  the 
coupling  loop  should  light  up  brilüantly.  It  was 
found  that  the  final  could  be  coupled  up  to 
about  60  ma.  plate  current  before  the  output 
refused  to  increase  with  increased  loading,  but 
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at  this  input  the  output  was  about  6  watts, 
indicating  excellent  efficiency  for  the  triplerat 
this  frequency.  Loadings  will  change  the  tun- 
ing  of  the  final  tank  slightly. 

When  the  rig  is  putting  out  well,  it  is  only 
necessary  to  connect  a  single-button  micro- 
phone  to  the  connector  and  put  the  microphone 
batteries  in  the  circuit.  If  a  lower-output 
microphone  is  used,  a  stage  of  amplification 
will  be  required,  and  the  output  of  the  ampli- 
fier  can  be  coupled  to  the  modulator  through  a 
200-  or  500-ohm  line.  Listening  to  the  signal 
on  as  high  a  harmonie  as  the  all-wrave  receiver 
will  go  should  yield  a  signal  that,  when  modu- 
lated,  is  just  not  quite  understandable  but 
which  obviously  is  being  spread  out  quite  a 
bit  under  modulation.  With  no  modulation,  a 
T9  signal  should  result,  and  if  any  ripple  is 
present  it  must  be  eliminated  or  else  there  will 
be  bad  hum  on  the  carrier.  More  filter  can  be 
added  to  the  power  supply  and  a  O.l-jtfd.  con- 
denser  connected  between  oscillator  heater  and 
ground.  (Bib.  3) 

Receivera 

As  pointed  out  earlier  in  this  chapter,  an 
f.m.  receiving  system  differs  from  an  a.m.  one 
in  that  the  pass  band  is  wider  and  a  limiter  and 
discriminator  are  used  instead  of  a  second 
detector.  The  front  end  of  an  f.m.  receiver  is 
conventional,  and  any  u.h.f.  converter  can  be 
used  to  feed  an  f.m.  i.f.  amplifier.  A  u.h.f.  con¬ 
verter  is  described  in  Chapter  Twenty-Seven 
(Figs.  2701-2706).  The  f.m.  i.f.  am¬ 
plifier  can  be  either  the  i.f.  amplifier 
of  a  broadcast  f.m.  receiver  (of  which 
there  are  several  available  on  the 
market)  or  it  can  be  readily  built  by 
the  amateur.  If  the  i.f.  system  of  the 
f.m.  broadcast  receiver  is  used,  the  i.f. 
frequency  should  be  learned  so  that 
the  output  of  the  converter  can  be 
tuned  to  this  frequency  and  coupled 
to  the  grid  of  the  mixer  tube  in  the 
receiver. 

The  i.f.  amplifier  shown  in  Figs. 
2912-2914  isa  broad-band  affair  work- 
ing  on  5  Mc.  that  can  be  used  for 
either  f.m.  ora.m.  reception  by  switch- 
ingthe  grid  lead  of  the  first  audio  tube 
from  across  the  discriminator  load  (for 
f.m.  reception)  to  the  limiter  grid  re- 
sistor  for  a.m.  reception.  Because  a 
wider-band  amplifier  is  required  for 
f.m.  than  for  a.m.,  the  amplifier  is  not 
so  selective  as  it  could  be  on  a.m. 
signals,  but  this  presents  no  particular 
diffieulty  at  the  present  time,  with 
QRM  presenting  a  problem  only  in 
rare  instances.  Used  with  the  con¬ 
verter  described  (or  any  converter 
capable  of  working  into  a  5-Mc.  am- 
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plifier),  the  system  can  be  used  for  the  recep¬ 
tion  of  a.m.  and  f.m.  signals  in  the43-Mc.  band, 
a.m.  and  f.m.  amateur  signals  in  the  56-Mc. 
band,  and  f.m.  and  a.m.  signals  in  the  112-Mc. 
band.  If  you  can  get  the  fellows  you  work  on 
112  Mc.  who  are  using  modulated  oscillators 
to  cut  down  their  modulation  (and  tbus  bring 
their  frequency  deviation  down  to  a  reasonable 
range),  the  system  makes  a  grand  receiver  for 
the  reception  of  modulated  oscillators,  and  even 
the  8mallest  transceiver  will  sound  many  times 
better  and  save  audio  power  as  well. 

As  can  be  seen  from  an  examination  of  Fig. 
2914,  two  stages  of  high-gain  amplification 
using  Type  1852  tubes  are  unconventional 
only  in  that  resistors  are  used  across  the  trans- 
former  windings,  to  widen  the  pass  band,  and 
no  gain  control  is  included.  No  control  of  gain 
is  required  because  it  is  always  desirable  to 
work  the  stages  preceding  the  limiter  at  their 
highest  level.  The  limiter  stage  uses  a  6SJ7, 
with  pro vision  through  fi18  to  control  the  plate 
and  screen  voltage  to  set  the  limiting  action  to 
meet  operating  conditions.  The  use  of  a  grid 
leak  and  condenser,  Kis,  and  C i,  and  low 
screen  and  plate  voltage  allows  the  tube  to 
saturate  quickly,  even  at  low  signal  levels,  and 
the  tube  wipes  off  any  amplitude  modulation 
(including  noise)  and  passes  only  frequency 
modulation.  For  a.m.  reception,  the  audio 
system  is  switched,  by  Sw i,  on  to  the  grid  leak, 
Ki6,  and  the  grid  and  cathode  of  the  tube  are 
used  as  a  diode  rectifier  to  feed  the  audio  sys- 


Fig.  2912 —  The  5-Mc.  f.m. /a.m.  amplifier  is  built,  complete 
with  power  supply,  on  a  7 -inch  by  9-inch  by  2-inch  chassis.  Controls 
ontbe  front,  from  Ieft  to  rigbt,  are  audio  volume  control,  B-pIus 
switch  and  limiter  control.  The  switch  on  the  side  is  for  changing 
from  f.m.  to  a.m.  and  back,  and  the  jack  allows  a  meter  to  be 
plugged  in  to  read  limiter  current. 
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Fig.  2913  —  A  view  of  the  top  shows  the  arrangement  of  parts. 
Along  the  rear,  from  left  to  right,  are  the  input  transformer,  first 
1852,  interstage  transformer,  second  1852  and  interstage  trans¬ 
former.  The  sccond  row  of  tuhes,  from  right  to  left,  are  the  6SJ7 
limiter,  6F6  audio  output  and  VR-150  voltage  regulator.  The 
transformer  at  the  right  front  is  the  discriminator  transformer,  the 
6H6  detector  is  in  front  of  it.  The  tube  to  the  left  of  the  6116  is  the 
6SF5  first  audio.  Output  terminale,  converter  power  eupply  Socket, 
and  110-volt  line  cord  can  be  seen. 


tem.  The  jack,  J,  in  series  with  the  grid  leak,  is 
used  for  plugging  in  a  low-range  milliammeter 
so  that  the  limiter  current  can  be  read.  The 
limiter  current  indication  is  invaluable  in 
aligning  the  amplifier,  and  the  meter  can  be 
used  as  a  tuning  meter  during  operation. 

The  discriminator  circuit  uses  a  6H6  doublé 
diode  in  the  conventional  circuit.  Audio  from 
the  discriminator  (or  from  the  limiter  stage, 
in  a.m.  reception)  is  fed  through  the  volume 
control,  f?26,  into  a  two-stage  audio  amplifier 
using  a  6SF5  and  6F6  output  pentode.  The  re- 
sistor  Bh  and  the  condenser  C12  in  the  input  of 
the  audio  circuit  serve  as  a  combined  r.f.  filter 
and  a  compensating  network  to  attenuate  the 
higher  audio  frequencies.  It  is  necessary  to  in- 
clude  so  me  sort  of  compensation  when  listening 
■to  43-Mc.  broadcast  stations,  since  nearly  all  of 
them  use  “pre-distortion”  (accented  higher 
frequencies).  A  0.01-pfd  paper  condenser  can 
be  added  across  the  output  terminals  for  fur- 
ther  compensation,  if  it  is  considered  necessary. 

The  power  supply  uses  a  two-section  filter, 
and  an  outlet  Socket  is  provided  so  that  the 
converter  power  cable  can  be  plugged  in.  A 
VR-150  regulator  tube  is  used  to  regulate  the 
voltage  on  the  converter,  making  for  additional 
stability  of  the  converter  with  changes  in  line 
voltage.  The  addition  of  the  regulator  tube 
adds  little  in  the  way  of  expense  to  the  am¬ 
plifier  and,  although  not  absolutely  necessary, 


is  a  nice  refinement.  If  desired,  it  can 
be  left  out  by  simply  erasing  it  from 
the  circuit. 

The  amplifier  is  built  on  a  7-inch 
by  9-inch  by  2-inch  chassis.  Reference 
to  Figs.  2912  and  2913  will  show  the 
location  of  the  parts  on  the  chassis  to 
be  straightforward  and  follow  in  logi- 
cal  order.  Af  ter  all  of  the  holes  have 
been  drilled  for  the  various  compo- 
nents,  the  sockets  and  the  transformer 
should  be  fastened  in  place  on  the 
chassis,  leaving  off  the  variable  resis- 
tors,  switches,  binding  posts,  jack  and 
chokes  until  after  most  of  the  wiring 
has  been  done. 

If  the  amplifier  is  to  be  built  to  use 
low-impedance  input  coupling,  the 
first  i.f.  transformer  must  be  modified. 
A  link  winding  is  made  by  first  wind¬ 
ing  a  short  strip  of  half-inch  wide 
paper  for  several  turns  over  the  card- 
board  tubing  used  as  a  form  in  the  i.f. 
transformer.  Eleven  turns  of  No.  30 
d.s.c.  wire  are  then  close-wound  flat 
around  the  center  of  the  paper  ring. 
Holding  the  wire  in  place  with  a  finger, 
paint  the  coil  with  Duco  cement  to 
secure  the  turns  in  place.  When  the 
cement  has  dried,  it  should  be  pos- 
sible  to  slip  the  coil  off  the  cardboard 
form.  The  plate  and  B-plus  wires  are  removed 
from  the  trimmer  condenser  in  the  trans¬ 
former,  and  the  wires  from  the  plate  coil  to 
the  trimmer  condenser  are  disconneeted.  By 
unwinding  and  cutting  off  a  turn  or  two  of 
paper  from  the  inside  of  the  paper  ring,  the  11- 
turn  coil  can  now  be  slipped  easily  over  the  grid 
coil  and  fastened  in  position  so  that  it  covers 
the  ground  end  of  the  grid  coil.  A  piece  of  paper 
should  be  slipped  between  the  grid  coil  and  the 
ground  lead  from  the  grid  coil,  to  avoid  any 
possibility  of  this  lead  shorting  against  the 
turns  of  the  coil  when  the  paper  ring  is  slipped 
in  place.  The  two  ends  of  the  link  coil  are 
brought  out  the  bottom  of  the  transformer  can 
and  later  fastened  to  the  input  terminals  of  the 
set. 

It  is,  of  course,  possible  to  use  the  trans¬ 
former  as  is,  by  running  the  plate  lead  of  the 
transformer  to  the  plate  of  the  mixer  tube  in 
the  converter,  but  this  makes  it  less  convenient 
to  use  the  converter  with  sharper  i.f.  amplifiers, 
since  it  would  require  soldering  and  unsolder- 
ing  wires  in  the  converter  each  time  the  ehange 
was  made.  Further,  the  long  lead  to  the  mixer 
tube  would  increase  the  chances  for  stray 
pickup  of  signals  in  the  vicinity  of  5  Mc. 

The  usual  procedure  is  followed  in  wiring  the 
amplifier.  One  side  of  the  heaters  is  grounded. 
By-pass  condensers  are  mounted  and  grounded 
as  close  to  the  associated  tube  as  possible.  The 
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screen  by-pass  condensers,  C 1,  Ct  and  C$,  are 
mounted  across  the  sockets  so  that  they  act  as 
a  partial  shield  between  the  plate  and  grid  of 
the  tube,  as  is  the  custom  with  single-ended 
tubes.  Tie-points  are  used  wherever  they  are 
needed  for  mounting  resistors  and  condensers. 
It  is  recommended  that  the  1852,  6SJ7  and 
6H6  stages  be  wired  first,  so  that  the  leads 
carrying  r.f.  can  be  made  as  short  and  direct  as 
possible.  After  that,  the  rest  of  the  leads  can  be 
filled  in  wherever  convenient.  The  wires  from 
the  audio  volume  control,  Rif,,  are  shielded  by 
running  them  over  in  a  single  piece  of  flexible 
copper  braid.  Whenever  convenient,  spare  pins 
on  sockets  were  used  to  support  resistors, 
condensers,  etc. 

If  the  parts  list  is  duplicated,  it  will  be  found 
that  the  two  variable  resistors  mounted  on  the 
front  of  the  chassis  will  not  clear  the  spade 
bolts  projecting  down  from  the  if.  transformers 
above,  and  this  is  easily  remedied  by  cutting 
off  34  inch  of  the  spade  bolts  before  mounting 
the  transformers  in  place.  Also,  in  order  to 
make  room  for  the  6SF5  cathode  by-pass  con- 
denser,  Cn,  some  of  the  binding  post  strip  for 


the  output  terminals  had  to  be  filed  oS.  A 
simpler  way  would  be  to  mount  the  binding- 
post  strip  nearer  the  bottom  of  the  chassis.  The 
input  terminals,  a  Millen  crystal  holder,  are 
mounted  on  the  outside  of  the  chassis  so  that 
they  will  clear  the  limiter  control.  A  handy 
connector  for  plugging  into  this  input  terminal 
can  be  made  from  an  old  5-prong  tube  base  or 
coilform,  by  sawing  across  the  base  and  remov- 
ing  the  two  correctly-spaced  pins  and  their 
supporting  strip  of  bakelite. 

If  you  have  a  source  of  5-Mc.  signal,  such  as 
a  signal  generator,  aligning  the  amplifier  is  a 
very  easy  matter.  If  you  don’t  already  have  the 
source  available,  a  simple  e.c.o.  can  be  built 
with  the  grid  circuit  on  2.5  Mc.  and  the  plate 
on  5  Mc.  using  an  ordinary  receiving  pentode 
like  the  6K7.  Or,  ff  you  already  have  the  con- 
verter,  tune  your  regular  receiver  to  5  Mc., 
couple  in  the  converter  and  tune  in  a  steady 
signal,  such  as  a  harmonie  from  your  transmit- 
ter  or  some  other  strong  signal.  The  converter 
output  can  now  be  transferred  to  the  f.m./a.m. 
i.f.  and  the  transformers  aligned.  This  is  done 
by  plugging  in  a  0-1  ma.  meter  in  the  jack,  J, 


Fig.  29 14 

Ci,  C2,  C3,  C4,  Cs,  Ce,  Cs,  C13, 
Cis  —  0.01-iifd.,  600-volt 
paper. 

C7,  C10,  C„  —  1 00 midget 
mica. 

Co  —  50-n,ufd.  midget  mica. 

C12  —  0.001 -jifd.  midget  mica. 

Cu,  Ci 7  —  10-nfd.,  25-volt  electro- 
lytic. 

Cje,  Cis,  C19  —  16-jJd.,  450-volt 
electrolytic. 

Rii  Ü4  —  55,000  ohms.  Ra  —  200 
ohms. 

R3,  Re  —  50,000  ohms.  R6  —  300 
ohms. 

R7  —  40,000  ohms.  fis,  R11,  R22  — 

75,000  ohma. 


Wiring  diagram  of  the  5-Mc.  f.m  /a.i 

Ro,  R10,  Rie  — 150,000  ohms.  R12, 
Ru  —  60,000  ohma. 

R13,  Ris  —  100  ohms. 

R17  —  25,000  ohms,  10-watt  wire- 
wound  (Ohmite). 

Ris  —  3 000 -ohm  wire-wound  po- 
tentiometer. 

Rie  —  5000  ohms,  10-watt  wire- 
wound  (Ohmite). 

R20  —  500  ohma,  1-watt. 

Rai,  Ras  —  250,000  ohma. 

R24  —  5000  ohms. 

R25  * —  500,000 -ohm  volume  control. 

Ti  —  5-Mc.  input  transformer, 
modified.  See  text  (Millen 
67503). 

T2,  Ta  —  5-Mc.  interstage  Trans¬ 
former  (Millen  67503). 


1.  amplifier. 

T4  —  5-Mc.  discriminator  trans¬ 
former  (Millen  67504). 

Te  — -  700-volt,  90-ma.  transformer 
with  6.3-  and  5 -volt  wind- 
ings. 

Li — 9-henry,  85-ma.  choke 
(Thordarson  T-13C29). 

L2  —  10-henry,  65-ma.  choke 
(Thordarson  T-13C28). 

Swi  —  Selector  switch,  only  two 
positions  used  (Yaxley 
32112-J). 

Sw2  — On-off  switch,  s.p.s.t.  toggle. 

J  —  Closed-circuit  jack. 

All  condensers  are  Mallory;  all 

resistors  are  Centralab  of  j/J-watt 

rating  nnless  otherwise  noted. 
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and  tuning  the  trimmers  of  the  transformers 
for  maximum  current.  You  may  have  to  hunt 
around  a  bit  before  the  meter  shows  any 
indication,  but  once  it  starts  to  read  the  rest  is 
easy.  With  a  variable-frequency  signal  source, 
the  signal  is  swung  back  and  forth  until  some 
indication  is  obtained  and  then  the  amplifier 
alignment  is  completed.  The  exact  frequency 
of  alignment  is  unimportant  as  long  as  every 
stage  can  be  tuned  through  resonance,  which 
means  that  each  trimmer  can  be  adjusted 
through  a  maximum  reading  of  the  tuning 
meter.  With  the  resistors  across  the  circuits,  it 
will  be  found  that  the  transformers  tune  a  little 
broader  than  normal,  and  the  correct  setting  is 
in  the  midpoint  of  the  broad  point.  Now  that 
transformers  T\,  Ti  and  Ti  are  aligned,  it 
should  be  possible  to  switclrSwi  to  a.m.  recep- 
tion  and  hear  signals,  or  at  least  noise  if  the 
converter  is  on  56  or  43  Mc.  There  isn’t  much 
noise  on  112  Mc. 

The  alignment  procedure  can  be  carried  on 
with  a  speaker  connected  to  the  output  termi¬ 
nals  through  an  output  transformer  or,  if  no 
speaker  is  used  at  this  point,  the  terminals 
should  be  shorted  with  a  jumper  of  wire, 
otherwise  the  6F6  may  be  injured.  The  meter 
for  alignment  is  a  necessity,  and  no  attempt 
should  be  made  to  line  up  the  amplifier  by  ear 
except  for  very  rough  initial  alignment. 

If  you  live  within  the  range  of  an  f.m.  broad- 
cast  station,  adjustment  of  the  transformer  T\ 
is  a  simple  matter.  Switch  the  amplifier  on 
a.m.,  plug  in  the  proper  coils  in  the  converter 
and  tune  in  the  f.m.  station.  It  will  sound 
pretty  awful  but  don’t  worry  about  that. 
Switch  the  amplifier  to  f.m.  and  tune  around 
with  the  trimmers  on  T\  until  you  start  to  hear 
the  signal  again.  This  is  best  done  with  the 
audio  gain  almost  wide  open  and  the  limiter 
control  set  at  about  half  scale.  The  trimmers 
are  best  adjusted  with  an  insulated  tooi,  to 
reduce  body  capacity  effects,  and  they  should 
be  adjusted  until  the  b.c.  signal  is  clearest 
and  loudest.  It  will  be  found  that  one  of  the 
trimmers  (plate  circuit)  will  affect  the  volume 
mostly,  while  the  trimmer  in  the  grid  circuit 
will  have  the  greatest  effect  on  the  quality. 
During  this  period  of  adjustment,  the  receiver 
is  kept  tuned  to  the  signal  as  indicated  by 
maximum  limiter  current.  If  one  is  available, 
an  audio  output  meter  can  be  used  to  deter- 
mine  maximum  audio  output,  although  it  is  not 
an  essential. 

In  the  event  that  there  is  no  local  f.m.  broad- 
cast  station,  the  only  alternative  is  to  line  up 
the  discriminator  on  an  f.m.  signal  from  an 


amateur  station  or,  as  a  last  resort,  from  a  2H* 
meter  modulated  oscillator.  The  disadvantage 
with  the  self-excited  u.h.f.  oscillator  is  that  it 
is  usually  modulated  too  heavily  and  it  doesn’t 
stay  on  one  frequency  long  enough  to  allow  the 
amplifier  to  be  aligned. 

The  final  adjustment  of  the  discriminator 
tuning  can  be  checked  by  tuning  in  an  a.m. 
signal.  If  the  discriminator  is  properly  tuned, 
the  audio  output  (signal  and  noise)  should 
practically  disappear  at  the  point  that  the 
signal  as  indicated  by  limiter  current  is  a 
maximum.  This  is  an  indication  that  the  dis¬ 
criminator  characteristic  crosses  the  axis  at 
the  mid-resonance  point  of  the  amplifier.  Tun¬ 
ing  the  signal  (by  tuning  the  converter),  it 
should  be  possible  to  understand  the  audio  out¬ 
put  at  points  either  side  of  this  minimum- 
volume  setting.  These  points  should  appear 
symmetrically  on  either  side  of  the  minimum- 
volume  point  and  should  have  about  the  same 
volume.  Slight  readjustment  of  the  discrimi- 
nator-transformer  settings  will  bring  this 
about. 

When  using  the  amplifier,  it  will  be  noted 
that  the  a.m.  signals  appear  to  give  Iouder 
signals  than  those  from  f.m.  stations,  compar- 
ing  audio-volume-control  settings  on  stations 
showing  equal  limiter  current.  This  doesn’t 
indicate  that  the  amplifier  isn’t  working 
properly  nor  does  it  indicate  that  more  audio  is 
obtained  from  an  a.m.  signal  than  from  an  f.m. 
signal  of  similar  strength.  It  is,  however,  an 
indication  that  the  discriminator  characteristic 
could  have  more  slope  to  it  and  not  have  its 
peaks  so  far  apart.  We  mention  this  simply  to 
forestall  any  inquiries  on  the  part  of  amateurs 
experimenting  with  f.m.  amplifiers.  As  discrim- 
inator-transformer  construction  is  improved, 
this  apparent  shortcoming  will  disappear. 

The  performance  of  the  amplifier  on  a.m.  re- 
ception  could  be  improved  somewhat  by  the  in- 
clusion  of  a.v.c.  on  the  two  1852  tubes,  taking 
the  a.v.c.  voltage  from  the  limiter  grid  leak 
through  the  usual  filter  circuit.  However,  this 
was  considered  an  unnecessary  refinement  be- 
cause  the  amplifier  will  be  used  primarily  on 
f.m.  reception  and  the  provision  for  a.m.  re- 
ception  was  considered  of  secondary  impor- 
tance.  The  amplifier  should  run  “wide  open’’ 
on  f.m.  reception.  (Bib.  4) 
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Simpte  and  üirective  Systems  for  Use  from  28  to  224  Mc. 


Ultra-high-frequenct  transmission  and 
reception  differs  from  lower-frequency  work 
in  that  it  is  normally  carried  out  by  means  of 
semi-optical  transmission  paths,  and  it  is  only 
on  rare  occasions  that  the  “sky  wave”  ever 
returns  to  earth  and  enables  long-distance 
transmission  to  take  place.  This  is  not  true,  of 
course,  for  the  28-Mc.  band,  where  world-wide 
communication  is  a  regular  occurrence  during 
certain  parts  of  the  sun-spot  cycle.  In  any 
event,  it  is  desirable  on  frequencies  higher  than 
28  Mc.  to  concentrate  the  radiated  energy  as 
close  to  the  horizontal  plane  as  is  practically 
possible. 

On  the  ultra-high  frequencies,  signals  sent 
from  a  vertical  antenna  (vertically  polarized) 
can  only  be  received  well  on  a  vertical  antenna, 
and  signals  from  a  horizontal  antenna  (hori- 
zontally  polarized)  are  only  received  well  on  a 
horizontal  antenna.  Vertical  antennas  seem  to 
be  more  common  than  horizontal  ones  on  the 
ultra-highs,  although  there  is  some  evidence 
that  the  horizontally-polarized  waves  provide 
better  signals  over  long  indirect  paths. 

It  has  been  found  that  directive  antenna 
systems  will  extend  the  operating  range  on 
56-Mc.  to  such  a  degree  that  suitable  com¬ 
munication  can  be  carried  on  with  a  directive 
system  where  no  signal  could  be  put  through 
with  a  simple  antenna.  Because  of  the  small 
physical  dimensions  of  antennas  on  these 
ultra-high  frequencies,  and  because  of  their 
advantages,  there  is  practically  no  reason  why 
the  u.h.f.  antenna  should  not  be  a  directive 
affair,  except  possibly  in  the  case  of  mobile  or 
portable  work.  Since  the  only  radiation  efiec- 
tive  at  these  frequencies  is  at  quite  a  low  angle 
with  respect  to  the  ground,  every  effort  should 


be  made  to  concentrate  the  radiation  as  near 
to  the  horizontal  as  possible. 

It  is  desirable  to  keep  the  Q  of  the  u.h.f. 
antenna  as  low  as  possible,  because  the  bands 
are  proportionately  wide  and  a  high-Q  system 
could  not  be  made  to  take  power  except  over 
a  small  portion  of  the  band.  “Q”  simply 
relates  to  the  sharpness  of  resonance  of  the 
antenna  —  a  high-Q  antenna  is  one  of  low 
radiation  resistance  and  consequently  a  sharp 
resonance  characteristic.  Close-spaced  arrays 
with  either  driven  or  parasitic  elements  are  to 
be  avoided  because  of  their  high  Q,  and  only 
the  arrays  with  quarter-  or  half-wave  (or 
greater)  spacing  should  be  used. 

The  Q  of  an  u.h.f.  antenna  can  be  lowered 
(and  thus  permit  working  more  readily  over 
the  whole  band)  by  using  heavy  wire  or  even 
copper  tubing  for  the  elements.  Copper  tubing 
of  one-inch  or  even  greater  diameter  is  not  too 
unwieldy  for  the  elements  of  a  56-  or  112-Mc. 
array,  and  it  has  the  further  advantage  that 
self-supporting  elements  can  be  used,  avoiding 
any  possible  loss  due  to  poor  insulation  at  the 
voltage  loops. 

It  is  particularly  important  that  the  u.h.f. 
antenna  be  placed  in  the  clear  and  as  high  as 
possible.  The  field  strength  at  a  distance  is 
dependent  on  the  height  of  the  antenna,  and 
adding  height  is  like  getting  more  watts  output 
from  the  transmitter. 

Tuned  lines  can  be  used  to  feed  the  u.h.f. 
antennas,  but  un tuned  ones  are  recommended, 
used  with  suitable  matching  systems.  If  an 
open-wire  line  is  used,  either  tuned  or  untuned, 
it  should  be  carefully  balanced  as  to  Iength, 
and  the  spacing  should  not  exceed  4  inches. 
Coaxial  line  is  excellent  for  feeding  u.h.f. 


Fig.  3001  — Two  methods  of  feeding 
a  simple  vertical  radiator.  That  shown 
at  A  is  with  a  tuned  line,  while  B  shows 
a  56-Mc.  antenna  with  delta  match.  The 
dimensions  are  approximate  and  may  be 
subject  to  some  slight  modification  if  it 
is  found  that  coupling  the  feeders  to  the 
tank  coil  changes  the  tuning  consider- 
ably.  The  2-foot  dimengion  may  have  to 
be  changed  slightly,  to  effect  a  better 
match,  by  tapping  the  line  at  slightly 
different  points  than  ghown  in  the  sketch. 
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Fig.  3002  —  Two  methode  of  feeding 
an  "extended  doublé  Zepp”  type  of  col- 
linear  array.  The  dimenBiong  given  are 
for  the  56-Mc.  band,  and  sbould  be 
halved  for  112  Mc.  The  450-obm  line  can 
be  made  of  No.  12  wire  gpaeed  2  inchea. 
The  stub  ghould  be  adjugted  until  there 
is  a  minimum  of  change  in  the  final  tank 
cireuit  timing  wben  the  line  is  coupled  to 
the  transmitter. 


antennas.  Feed  lines  should  be  carefully  bal- 
anced  and  made  with  small  spacing  to  reduce 
the  radiation  from  the  line,  since  it  can  become 
quite  serieus  at  these  frequencies. 

Half -Wave  Antennas 
Although  directive  Systems  are  undoubtedly 
the  most  effective,  good  results  can  be  obtained 
with  simple  half-wave  antennas.  They  are  nor- 
mally  used  vertically,  so  that  the  radiation  will 
be  vertically  polarized.  Although  it  is  more 
convenient  to  end-feed  a  vertical  antenna, 
center-feed  is  preferable  so  that  the  feed  line 


Fig.  3003  —  The  56-Me.  antenna  at  W2USA,  dimen- 
sions  of  whieb  are  given  in  Fig.  3002. 


can  be  more  readily  balanced  and  remain  bal- 
anced  over  the  whole  band.  Tuned  feeders  can 
be  run  to  the  center  of  the  radiator,  or  a  delta 
match  can  be  used  with  an  untuned  transmis- 
sion  line.  Fig.  3001  shows  suggested  methods 
of  feeding  a  half-wave  radiator  for  the  ultra- 
high  frequencies. 

Simple  Collineat  Antennas 
By  placing  a  second  vertical  element  above 
the  first,  a  collinear  antenna  results  which  will 
give  increased  low-angle  radiation  and  conse- 
quently  greater  signal  strength.  Fig.  3002 
shows  two  methods  of  feeding  a  type  of  col¬ 
linear  array  known  as  the  “extended  doublé 
Zepp.”  This  antenna  has  considerable  gain 
over  two  simple  half  waves  stacked  above  each 
other  and,  since  the  difference  in  required 
space  is  not  great,  its  use  is  recommended  over 
the  stacking  of  two  half-wave  elements.  The 
twisted-pair  type  of  transmission  line  will  have 
greater  losses  than  the  open  line,  but  it  ra- 
diates  less  and  is  sometimes  more  effective. 

The  elements  can  be  made  of  copper  tubing 
and  supported  on  the  side  of  the  pole  by  stand- 
off  insulators,  or  the  antenna  can  be  of  wire 
suspended  from  a  suitable  support.  (Bib.  1) 

The  Coaxial  Vertical  Radiator 
If  only  a  single  vertical  radiator  can  be  used, 
and  it  is  necessary  to  run  the  line  for  30  feet  or 
more,  serious  thought  should  be  given  to  the 
use  of  coaxial-line  feed.  It  is  doubtless  the  best 
method  of  feeding  a  simple  antenna,  as  testified 
to  by  the  many  police  and  other  u.h.f.  installa- 
tions  where  no  horizontal  directivity  is  desira- 
ble  but  where  a  maximum  of  efficiency  is  re¬ 
quired.  Although  it  is  possible  to  run  the 
coaxial  line  directly  to  the  center  of  the  an¬ 
tenna  with  no  modifications,  it  is  much  better 
to  use  the  method  shown  in  Fig.  3004.  This 
amounts  to  feeding  the  antenna  at  the  center 
with  coaxial  line  but  short-circuits  the  possi- 
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bility  that  the  whole  coaxial  line  may  act  as  a 
vertical  radiator,  resulting  in  high-angle  radia- 
tion  and  loss  of  signal  strength.  The  wire  ex- 
tends  a  quarter  wavelength  above  the  juncture 
of  the  line  and  the  outer  sheath.  Because  there 
is  no  field  in  the  inside  of  the  sheath,  the  coaxial 


Fig.  3004  —  The  coaxial  vertical  radiator  is  one  of  the 
most  efficiënt  methode  for  feeding  a  vertical  half-wave 
antenna,  The  wire  above  the  sheath  is  a  quarter-wave- 
length  long,  and  the  sheath  is  also  a  quarter -wavelength 
long.  The  sheath  and  wire  comhine  to  form  a  half-wave 
radiator,  and  the  concentric  line  feeding  the  System 
works  to  best  advantage  because  of  the  way  it  is  intro- 
duced.  If  desired,  a  horizontal  ground  screen  or  radial- 
wire  counterpoise  can  be  installed  just  below  the  bottom 
of  the  sheath  (hut  not  connected  to  it)  to  increase  low- 
angle  radiation.  The  entire  System  should  be  mounted  as 
high  as  possible.  (The  sketch  of  the  antenna  is  one  of  the 
Systems  used  at  W8PK.) 


Fig.  3005  —  Aprac- 
tical  coaxial  vertical 
radiator,  used  at 
W6GPY  on  325  Mc. 


line  can  run  up  through  it 
with  no  harmful  effeets. 
This  antenna  is  used  in 
many  amateur  and  com¬ 
mercial  installations  and 
always  results  in  increased 
signal  strength  over  that 
obtained  with  a  single- 
h'alf-wave  antenna  and 
any  other  type  of  feed. 

The  coaxial  line  should 
have  an  impedance  of 
around  70  ohms,  although 
this  is  not  critical  and 
can  range  up  to  120  ohms 
without  too  serious  a  mis¬ 
match.  [Bib.  £) 

Phased  Arraya 

Principles  other  than 
stacking  eau  be  used  to 
obtain  greater  gains  from 
the  u.h.f.  antenna,  and 
both  the  “broadside”  and 
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“end-fire”  types  of  arrays  have  been  used  at 
many  stations.  One  simple  application  of  the 
“end-fire”  principle  is  shown  in  Fig.  3006.  Two 
lengths  of  copper  tubing  are  bent  to  form  a 
"pitchfork”  a  half-wavelength  long  (down  to 
the  bend)  and  with  anything  from  a  quarter-  to 
an  eighth-wavelength  separation.  The  wider 
separation  will  give  a  lower-Q  system  and 
should  be  used  if  a  matching  system  of  some 
kind  is  used  or  if  the  feed  line  has  to  run  for 
more  than  several  wavelengths.  The  closer 
spacing  gives  slightly  greater  gain.  The  end- 
fire  antenna  of  Fig.  3006  is  particularly  simple 
to  construct  by  supporting  the  two  vertical 
elements  of  copper  tubing  from  the  top  of  a 
single  vertical  pole  and  running  the  feed  line 
down  the  pole.  If  the  pole  can  be  made  to 
rotate  90°,  full  advantage  can 
be  taken  of  the  directivity  of 
the  simple  system.  While  it 
will  not  show  as  sharp  a  lobe 
as  the  broadside  type  of 
array,  it  will  show  a  very  def- 
inite  null  which  is  useful  in 
reducing  QRM  in  congested 
areas.  lts  pattern  is  similar 
to  a  figure  “8,”  with  the  nulls 
broadside  to  the  plane  of  the 
elements. 

The  broadside  arrays,  de- 
scribed  in  Chapter  Twenty- 
four,  give  good  gains  and  are 
not  too  difficult  to  construct. 
Several  practical  applications 
are  shown  in  Figs.  3007-3009. 
The  elements  can  be  of  wire 
or  copper  tubing,  and  the  as- 
sembly  can  be  simply  wires 
hung  from  a  rope  stretched 
between  two  supports  or  it 
can  take  the  form  of  a  more 
permanent  structure,  as 
shown  in  the  photographs. 

The  " Corner ”  Reflector 
Antenna 

A  type  of  antenna  system 
that  differs  somewhat  from 
any  previously  described,  and 
one  that  is  particularly  well- 
suited  to  the  u.h.f.  ranges 
above  56  Mc.,  is  the  “corner” 
reflector  shown  in  Fig.  3010. 
It  is  simply  two  plane  surfaces  set  at  an  angle 
of  90°,  with  the  antenna  set  on  a  line  bisecting 
this  angle.  The  distance  of  the  antenna  from 
the  vertex  should  be  0.5  wavelength,  but  some 
compromise  designs  can  be  built  with  closer 
spacings  (see  Table  I).  The  plane  surfaces  do 
not  need  to  be  solid,  and  can  most  easily  be 
made  of  spines  spaced  about  0.1  wavelength 
apart.  The  spines  do  not  have  to  be  con- 


Fig.  3006  —  A 

eimple  form  of 
end-fire  array  as 
used  at  W2JCR. 
Tbe  two  copper- 
tubing  elements 
are  curved  in  and 
run  down  the 
pole  to  form  part 
of  tbe  feed  line. 
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Fig.  3007  —  The  4  half-waves  in 
phase  with  reflectors  at  W7FDJ, 
illustrating  how  straightforward 
can  be  the  construction  of  a  beam 
antenna  for  u.h.f. 

nected  together  electrically. 

The  resistance  of  the  an¬ 
tenna  is  raised  when  a  corner 
reflector  is  used,  and  this 
greatly  simplifies  the  problem 
of  feeding.  Thefeedlineshould 
be  run  out  at  the  rear  of  the 
reflector,  or  it  can  be  run 
through  the  side.  It  is,  how- 
ever,  preferable  to  keep  it 
as  symmetrical  as  possible,  to 
avoid  any  unbalance.  Two 
simple  antennas  that  can  be 
used  with  the  corner  reflector 
are  shown  in  Fig.  3011. 

The  corner  reflector  can  be 
used  with  the  antenna  either 
horizontal  or  vertical,  and  the 
plane  of  polarization  will  be 
the  plane  of  the  antenna.  The 
relative  positions  of  the  an¬ 
tenna  and  reflector  must  re- 
main  the  same,  however, 
which  means  that  a  support  for  both  horizontal 
and  vertical  polarization  would  require  a  means 
for  rotating  the  reflector  about  its  horizontal 
axis.  {Bib.  3) 

Other  Types  of  Antennas 

Close-spaced  arrays  with  either  parasitic  or 
driven  elements  are  not  recommended  for  the 


ultra-high  frequenties.  A  pos¬ 
sible  exception  to  this  rule  is 
the  antenna  of  Fig.  3006, 
which,  while  shown  with 
quarter-wave  spacing,  can  be 
used  with  spacing  as  close  as 
one-eighth  wavelength  when 
tuned  feeders  are  used.  The 
gain  will  be  slightly  higher 
with  the  closer  spacing  but 
the  antenna  must  be  built 
more  rigidly  becausethe  closer 
spacing  will  make  relative  mo- 
tion  of  the  elements  more 
noticeable. 

Feeding  the  U.H.F.  Antenna 
Close  spacing  and  balance 
are  important  factors  in  u.h.f. 
feeder  operation  so  that  the 
radiation  from  the  line  will 
be  minimized.  For  this  reason, 
the  coaxial  line  is  doubtless 
the  best  type  of  feed  for  the 
u.h.f.  antenna,  but  the  open- 
wire  line  is  quite  effective  if 
M  care  19  taken  in  its  construc- 


TABEE  I 

Frequency 

Band 

Length 
of  Side 

Length  of 
Reflector 
Elements 

Number 

of 

Reflector 

Elements 

Spacing  of 
Reflector 
Elements 

Spacing 
of  Driven 
Dipole 
to  Vertex 

224-230  Mc. 

( meter) 

4' 2" 

4' 7" 

20 

5" 

2'  2" 

112-116  Mc. 
(2 Yi  meter) 

8' 4" 

5'  2" 

20 

10" 

m 

112-116  Mc.* 
meter) 

6' 8" 

1 

16 

10" 

3'  6” 

56-60  Mc. 

(5  meter) 

16'  8" 

10'  4" 

1'  8" 

8'  8" 

56-60  Mc.* 
(5  meter) 

13'  4" 

10”  4" 

16 

1'  8" 

6'  11" 

Table  l.  —  Dimensions  of  square-coruer  reflector  fnr 
the  224-,  112-,  and  56-Mc.  banda.  Alternative  designs 
are  listed  for  the  112-  and  56-Mc.  bands.  These  designs, 
marked  (*),  have  fewer  reflector  elements  and  shorter 
sides,  but  the  effectivcness  is  only  slightly  reduced. 
There  ia  no  reflector  element  at  the  vertex  in  any  of  the 
designs.  The  construction  is  shown  in  Fig.  3010. 


Fig.  3008  —  An  antenna  electrically  similar  to  the  one 
in  Fig.  3007,  this  antenna  at  W1AZ  is  huilt  to  withsland 
any  kind  of  weather,  and  has  slip  rings  in  the  feeders  to 
allow  continuous  rotation. 
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tion.  Low-impedance  twisted  pair  lines,  and 
solid  rubber  insulated  concentric  lines  are  not 
to  be  recommended,  although  they  will  not  be 


Fig.  3009  —  The  112-Mc.  array  at  W2CUZ  uses  two 
collinear  sets  of  three  broadside  driven  elements,  backed 
by  paraeitic  reflectors.  This  type  of  construction  allowe 
rota  tion  of  the  system. 

Spacinq  of 

drtven  dt po le 
to  vertex 


B 

Fig.  3010  —  Details  of  construction  of  a  corner 
reflector  antenna  System  with  grid-type  reflector.  The 
reflector  elements  are  stiff  wire  or  tubing.  The  dimen- 
sions  are  for  224  Mc.,  and  should  he  doubled  for  112  Mc. 
(See  Table  1.)  The  gain  of  the  system  is  close  to  10  db. 


bad  for  short  distances.  The  desirable  type  of 
coaxial  line  is  one  using  ceramic  beads  or  some 
other  good  material  for  insulation. 

If  a  matching  section  is  used,  it  should  be 
symmetrical  and  loaded  on  both  sides,  to  main- 
tain  current  balance  in  the  matching  section. 
If,  for  example,  a  single  vertical  antenna  is  fed 
at  the  bottom  by  a  quarter-wavelength  match¬ 
ing  section,  any  radiation  from  the  matching 
section  (due  to  current  unbalance)  will  com¬ 
bine  with  the  radiation  from  the  antenna  to 
result  in  a  raising  of  the  vertical  angle  of 
radiation.  Less  trouble  with  feeder  radiation 
will  be  experienced  with  any  symmetrical  sys- 


.95  £ 

L 

^  / 

Two  wire.  line 

450  to  500  / 

tuned  at 

ohm  Une 

tronsmitter 

(/Vo.  /2  wire , 

spaced  2") 

5  ->1  h — 

A  B 


Fig.  3011  —  DipoJes  suitable  for  use  with  the  corner 
reflector  antenna  System.  The  lenglh  L  is  25  inches  for 
224  Mc.,  s  =  1  inch  for  the  same  band. 

tem,  which  simply  means  a  system  with  equal 
amounts  of  wire  each  side  of  the  end  of  the 
feeder. 

Methods  of  coupling  the  transmitter  to  the 
feed  line  are  shown  in  Fig.  3012.  At  C,  the  link 
line  running  from  the  transmitter  to  the  an¬ 
tenna  tuning  unit  should  be  made  of  No.  12  or 
14  wire  spaced  a  half  inch  or  so. 

Len&th  of  Elements 

The  formula  given  for  the  length  of  a  half- 
wave  antenna  on  the  lower  frequencies  must  be 
modified  somewhat  for  56  Mc.  and  higher  be- 
cause  of  the  greater  “end  effect’’  at  these  fre¬ 
quencies.  The  length  of  a  half-wave  element 
can  be  found  from 

Length  (inches)  =*  - — 5-5^*  -  ■  ■ 

Freq.  (Mc.) 

TABLE  II 


Freq.  (Mc.) 

Half -Wave 
Radiator 

Half-Wave 
Open  Line 

56.0 

8'  3" 

8'  7" 

57.0 

8'  IW' 

8'  5" 

58.0 

8' 

8'  3" 

59.0 

7'  10“ 

8'  IK" 

60.0 

7'  8  y2" 

8' 

112 

4'  i  y2" 

4'  3  Yi" 

114 

4'  Vï 

4'  2V2" 

116 

3'  11 

4'  1  y2" 
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Fig.  3012  —  Three  types  of  coupling  to  feed  lines.  Those  at  A  and  B  are  used  with  untuned  lines  or  coaxial  line, 
and  that  at  C  is  used  with  either  tuned  or  untuned  lines.  If  a  tuned  feeder  is  used,  the  taps  on  the  coil  (in  C) 
should  be  moved  out  to  the  ends  of  the  coil. 


The  length  of  a  half-wave  section  of  open- 
wire  line  is  still 

Length  (inches)  -  - — — rrj — ;• 

Freq.  (Mc.) 

For  ready  reference,  typical  lengths  are 
tabulated  in  Table  II  for  the  56-  and  112-Mc. 
bands. 

A  quarter-wave  radiator  or  open  line  will 


be  half  the  length  of  the  half-wave  value. 

A  reflector  element  should  be  spaced  a 
quarter-wavelength  back  of  the  radiator  and  its 
length  made  the  same  as  a  half  wavelength  of 
open  line  for  the  same  frequency. 
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Operating  the  Station 

Operating  Routine  and  Practices  —  Emergency  Procedure — • 

A.R.R.L.  Activities 


The  transmitter  should  be  adjusted  for 
satisfactory,  stable,  operation.  Do  not  try  to 
work  too  near  the  edge  of  an  amateur  band. 
Keep  well  within  the  estimated  accuracy  of 
your  frequency  measuring  equipment  and 
means  of  measurement.  Check  frequency  of- 
ten.  Crystal  control  provides  a  certain  degree 
of  “frequency  Insurance  ”  but  do  not  omit 
checks  for  harmonies  and  parasitics  that  may 
be  present  with  the  signal,  as  well  as  for 
frequency  changes  due  to  quartz  temperature 
or  circuit  element  capacities  if  near  a  band 
edge.  Other  control  methods  require  tremen- 
dously  increased  precautions.  F.C.C.  monitor- 
ing  stations  are  on  the  job  of  checking  notes, 
frequency  and  other  possible  discrepancies,  so 
it  pays  to  be  watchful. 

Method  in  operating  is  important,  and  in 
tbis  chapter  we  shall  discuss  the  common 
practices.  The  good  operator  does  not  sit  down 
and  send  a  long  call  when  he  wants  to  work 
someone.  He  listens  in.  He  covers  the  dial 
thoroughly.  The  fellow  that  is  admired  for  his 
good  operating  is  the  one  who  is  always  calling 
some  particular  station  instead  of  using  CQ. 
Because  he  listens  until  he  hears  someone  to 
work  and  then  goes  after  him,  our  good  operator 
gets  his  man  nearly  every  time.  A  good  oper¬ 
ator  chooses  the  proper  time  to  call,  he  makes 
plain  signals,  and  he  does  not  call  too  long.  A 
short  call  is  sufficiënt  because  if  a  station  does 
not  get  the  call  it  is  likely  that  he  is  listening  to 
another  station.  A  long  call  makes  the  receiv- 
ing  operator  lose  patience  and  look  for  someone 
else. 

Pride  in  technique  is  the  earmark  of  the 
successful  amateur  among  his  fellows.  Code 
proficiency  sets  apart  the  real  seasoned  oper¬ 
ator  from  the  one  who  builds  equipment 
only  to  tear  it  apart  again.  Engineering  or 
applied  common  sense  are  essential  to  both  the 
operator  and  experimenter.  Operating  ability 
is  just  as  essential  and  important  in  radio- 
telephone  operating  as  in  code  work  —  per- 
haps  it  is  more  essential  and  more  rare,  for 
understanding  of  phonetics  must  contribute 
to  conciseness  with  eareful  system,  as  in  the 
airways  service,  for  efifective  two-way  work. 
The  penalty  for  not  ha  ving  “what  it  takes”  in 
operating  is  inefiectiveness  in  results,  as  well 
as  to  win  the  name  of  “lid”  by  bungling. 

Too  often  the  beginner-operator  operates 
his  set  like  a  plaything;  the  aim  should  be  to 


operate  with  a  serious  and  constructive  pur- 
pose,  not  for  novelty  or  mere  entertainment. 
It  must  be  remembered  that  radio  communica- 
tion  is  not  an  individual  plaything  but  the 
interference  one  causes  may  affect  many 
others.  It  may  cause  pleasure  or  expressions  of 
annoyance  depending  on  the  care  and  thought- 
fulness  with  which  one  operates.  All  of  this 
merely  to  introducé  the  plea  that  time  be  given 
to  the  brief  study  of  operating  technique  before 
going  on  the  air. 

Many  the  amateur  who  complains  about  his 
results  or  blames  his  equipment  when  the 
real  fault  was  with  proper  timing  of  calls  and 
failure  to  do  enough  intelligent  listening.  Pa¬ 
tience  and  judgment,  and  familiarity  with 
tuning  methods  and  ways,  and  Standard 
procedures  are  absolutely  essential  to  full 
success  and  enjoyment. 

The  operator  who  sends  forty  or  more  CQ’s 
and  signs  two  or  three  times  in  a  slipshod 
manner  gains  the  respect  of  no  one.  His  call 
may  be  impossible  to  identify.  His  lack  of 
operating  judgment  seriously  impairs  and 
handicaps  his  own  success  and  enjoyment  in 
addition  to  causing  other  amateurs  to  form  an 
unfavorable  opinion  of  his  work  and  the 
uncalled-for  interference  he  creates.  By  proper 
procedure  the  number  of  two-way  contacts 
(QSO’s)  and  the  enjoyment  and  profit  in  each 
will  be  a  maximum. 

The  adjustment  on  the  receiver  has  much  to 
do  with  successful  operation,  too.  The  good 
receiving  operator  notes  the  dial  setting  and 
when  he  has  completed  calling  in  proper  fash- 
ion,  he  waits  a  moment  and  then  tunes  above 
or  below  the  logged  dial  setting  just  in  case 
something  has  shifted  slightly  in  the  receiver 
or  transmitter.  The  best  operator  has  patience 
and  waits  a  few  minutes  in  case  of  delay  at  the 
transmitter  or  in  case  fading  signals  make  a 
second  answer  necessary.  Upon  the  station 
and  its  operation  depend  the  possibility  of 
good  communication  records. 

An  operator  with  a  clean-cut,  slow,  steady 
method  of  sending  has  a  big  advantage  over 
the  poor  operator.  Good  sending  is  partly  a 
matter  of  practice  but  patience  and  judgment 
are  just  as  important  qualities  of  an  operator 
as  a  good  “fist.” 

Accuracy  is  of  first  importance.  Then  speed 
must  be  considered.  Very  often,  transmission 
at  moderate  speeds  moves  traffic  or  insures 
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understandable  conversation  better  than  fast 
sending.  A  great  deal  depends  on  the  profi- 
ciency  and  good  judgment  of  the  two  operators 
concerned.  Fast  sending  is  helpful  only  when 
two  fast  operators  work  together. 

As  time  is  a  factor,  uniform  practices  in 
operating  are  necessary  to  insure  a  ready  un- 
derstanding.  So  proficiency  in  the  commonly- 
used  abbreviations  and  in  knowledge  of 
uniform  operating  practices  is  to  be  desired. 
Proficiency  comes  with  practice.  In  the  Appen¬ 
dix  are  the  “Q”  signals  and  some  abbreviations 
used  by  amateur  operators. 

Procedure 

Official  A.R.R.L.  Stations  observe  the  rules 
regarded  as  “Standard  practice”  carefully. 
Any  actively-operating  stations  will  do  well  to 
'copy  these  rules,  to  post  them  conspicuously 
in  the  station,  and  to  follow  them  when 
operating. 

1.  Calls  should  be  made  by  transrnitting  not 
more  than  three  time s  the  call  signal  of  the 
station  called,  and  DE,  followed  by  one’s  own 
call  signal  sent  not  more  than  three  limes,  thus: 
VE2BE  VE2BE  VE2BE  DE  W1AW  W1AW 
W1AW.  In  amateur  practice  this  form  is 
repeated  completely  once  or  twice.  The  call 
signal  of  the  calling  station  must  be  inserted  at 
frequent  intervals  for  identification  purposes. 
Repeating  the  call  signal  of  the  called  station 
five  times  and  signing  not  more  than  twice  has 
proved  excellent  practice  in  connection  with 
break-in  operation  (the  receiver  being  kept 
tuned  to  the  frequency  of  the  called  station). 
The  use  of  a  break-in  System  is  highly  recom- 
mended  to  save  time  and  reduce  unnecessary 
interference. 

The  A.R.R.L.  method  of  using  the  general 
inquiry  call  (CQ)  is  also  that  of  calling  three 
times,  signing  three  times,  and  repeating  three 
times.  CQ  is  not  to  be  used  when  testing  or 
when  the  sender  is  not  expecting  or  looking  for 
an  answer.  After  CQ,  the  dial  should  be  cov- 
ered  thoroughly  for  two  or  three  minutes 
looking  for  replies. 

The  directional  CQ :  To  reduce  the  number 
of  useless  answers  and  lessen  QRM,  every  CQ 
call  should  be  made  informative  when  possible. 
Stations  desiring  communication  should  follow 
each  CQ  by  an  indication  of  direction,  district, 
state,  continent,  country  or  the  like.  Interna¬ 
tional  prefixes  (Appendix)  may  be  used  to 
identify  a  particular  country.  Examples: 

A  United  States  station  looking  for  any  Canadian  amateur 
calls:  CQ  VE  CQ  VE  CQ  VE  DE  W1UE  WlUE  WlUE 
K.  A  western  station  with  traffic  for  the  east  coast  when 
looking  for  an  intermediate  relay  station  calls:  CQ  EAST 
CQ  EAST  CQ  EAST  DE  W5CEZ  W5CEZ  W5CEZ  K.  A 
statioD  with  messages  for  pointe  in  Maasachusette  calls:  CQ 
MASS  CQ  MASS  CQ  MASS  DE  W8KKG  W8KKG 
W8KKG  K.  In  each  example  indicated  it  is  understood  that 
the  combinatïon  used  is  repeated  three  times. 


2.  Answering  a  call;  Call  three  times  (or 

less);  send  DE;  sign  three  times  (or  less);  and 
after  contact  is  established  decrease  the  use 
of  the  call  signals  of  both  stations  to  once  or 
twice.  Example: 

WlGNF  DE  W1AW  GE  OM  GA  K  (meaning,  "Good 
evening,  old  man,  go  ahead"). 

3.  Ending  signals  and  sign  ofif:  The  proper 
use  of  AR,  K  and  VA  ending  signals  is  as  fol¬ 
io  ws:  AR  (end  of  transmission)  shall  be  used 
at  the  end  of  messages  during  communication; 
and  also  at  the  end  of  a  call,  indicating  when  so 
used  that  communication  is  not  yet  established. 
In  the  case  of  CQ  calls,  the  international  regu- 
lations  recommend  that  K  shall  follow.  K  (invi- 
tation  to  transmit)  shall  also  be  used  at  the  end 
of  each  transmission  when  answering  or  working 
another  station,  carrying  the  significance  of 
“go  ahead.”  VA  (or  SK)  shall  be  used  by  each 
station  only  when  signing  off,  this  followed  by 
your  own  call  sent  once  for  identification 
purposes.  VA  (end  of  work)  sent  alone,  or  for 
clarification  followed  by  a  single  (never  more) 

“CQ  DE - ,”  indicates  to  others  that 

you  are  through  with  the  station  which  you 
have  been  working  and  will  listen  for  whorn- 
ever  wishes  to  call.  Examples: 

(AR)  -  G20D  DE  W1CTI  AR  (showing  that  W1CTI 
has  not  yet  gotten  in  touch  with  G20D  but  has  called  and  is 
now  listening  for  his  reply).  Used  after  the  signature  between 
messages,  it  indicates  the  end  of  one  message.  There  may  be 
a  slight  pause  before  starting  the  second  of  the  series  of 
messages.  The  courteous  and  thoughtful  operator  allows 
time  for  the  receiving  operator  to  enter  the  time  on  the 
message  and  put  another  blank  in  readiness  for  the  traffic 
to  corae.  If  K  is  added  it  means  that  the  operator  wishes  his 
first  message  acknowledged  before  going  on  with  the  second 
message.  If  no  K  is  heard,  preparations  should  be  made  to 
continue  copying. 

(K)  —  ZL2AC  DE  W6AJM  R  K.  (This  arrangement  is 
very  often  used  for  the  acknowledgment  of  a  transmission. 
When  anyone  overhears  this  he  at  once  knows  that  the  two 
stations  are  in  touch,  communicating  with  each  other,  that 
ZL2AC*s  transmission  was  all  understood  by  W6AJM,  and 
that  W6AJM  is  telling  ZL2AC  to  go  ahead  with  more  of 
what  he  has  to  say.)  W9KJY  DE  W7NH  NR  23  R  K.  (Evi- 
dently  W9KJY  is  sending  messages  to  W7NH.  The  contact 
is  good.  The  message  was  all  received  correctly.  W7NH  tells 
W9KJY  to  *‘go  ahead"  with  more.) 

(VA)  —  R  NM  NW  CUL  VY  73  AR  VA  W7WY.  (W7WY 
says  “1  understand  OK,  no  more  now,  see  you  later,  very 
best  regards.  I  am  through  with  you  for  now  and  will  listen 
for  whomever  wishes  to  call.  W7WY  signing  ofif.") 

4.  If  a  station  sends  test  signals  to  adjust 
the  transmitter  or  at  the  request  of  another 
station  to  permit  the  latter  to  adjust  its 
receiving  apparatus,  the  signals  must  be  com- 
posed  of  a  series  of  V’s  with  the  call  signal  of 
the  transrnitting  station  at  frequent  intervals. 

5.  When  a  station  receives  a  call  without 
being  certain  that  the  call  is  intended  for  it, 
it  should  not  reply  until  the  call  has  bëen  re¬ 
peated  and  is  understood.  If  it  receives  the  call 
but  is  uncertain  of  the  call  signal  of  the  send- 
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ing  station,  it  should  answer  using  the  signal 

•  - - (?)  instead  of  the  call  signal  of  this 

latter  station.  QRZ?  (see  Appendix)  is  the 
appropriate  signal  to  use,  followed  by  your  call, 
to  ask  who  is  calling  and  get  this  station  to 
call  again. 

6.  Several  radiograms  may  be  transmitted 

in  series  (QSG . )  with  the  consent  of 

the  station  which  is  to  receive  them.  As  a  gen- 
eral  rule,  long  radiograms  should  be  transmitted 
in  sections  of  approximately  fifty  words,  each 

ending  with  - - -  (?)  meaning,  “Have 

you  received  the  message  correctly  thus  far?” 

7.  Receipting  for  conversation  or  traffic: 
Never  send  a  single  acknowledgment  until 
the  transmission  has  been  entirely  received. 
“R”  means  “All  right,  OK,  I  understand 
completely."  When  a  poor  operator,  commonly 
called  a  “lid,”  has  only  received  part  of  a 
message,  he  answers,  “RRRRRRRRRR, 
sorry,  missed  address  and  text,  pse  repeat” 
and  every  good  operator  who  hears,  raves 
inwardly.  Use  R  only  when  all  is  received  cor¬ 
rectly.  Example: 

When  all  the  message  has  been  received  correctly  a  short 
call  with  “NR  155  R  K”  or  simply  “155  K”  is  sufficiënt. 

8.  Repeats:  When  most  of  the  message  was 
lost  the  call  should  be  followed  by  the  correct 
abbreviations  (see  Appendix)  from  the  inter¬ 
national  list,  asking  for  a  repetition  of  the 
address,  text,  etc.  (RPT  ADR  AND  TXT  K.) 
When  but  a  few  words  were  lost  the  last  word 
received  correctly  is  given  after  ?AA,  meaning 
that  “all  after”  this  should  be  repeated.  ?AB 
for  “all  before”  a  stated  word  should  be  used 
if  most  of  the  first  part  of  the  copy  is  missing. 

?BN  .  AND  .  (two  stated  words) 

asks  for  a  fill  “between”  certain  sections.  If 
only  a  word  or  two  is  lost  this  is  the  quickest 
method  to  get  it  repeated. 

Do  not  send  words  twice  (QSZ)  unless  it  is 
requested.  Send  single.  Do  not  fall  into  the 
bad  habit  of  sending  doublé  without  a  request 
from  fellows  you  work. 

Do  not  accept  or  start  incomplete  messages. 

9.  A  file  of  messages  handled  must  be  kept, 
F.C.C.  regulations  requiring  that  they  be 
maintained  on  hand  at  least  one  year. 

10.  The  operator  will  never  make  changes  or 
alterations  in  the  texts  or  other  portions  of  mes¬ 
sages  passing  through  his  hands.  However 
slight  or  however  desirable  such  changes  may 
seem,  the  changing  of  a  message  without  proper 
authority  or  without  the  knowledge  of  the 
originator  of  the  message  may  be  considered 
the  “unpardonable  sin.”  The  proper  thing  to 
do  of  course  is  to  notify  the  party  filing  the 
message  or  the  originating  station  of  your 
observations,  secure  permission  from  the 
proper  source  for  making  the  change  by  send¬ 
ing  a  “Bervice  message”  or  other  means.  If  the 


case  seems  urgent,  the  traffic  should  not  be 
delayed  but  should  be  delivered  or  forwarded 
with  appropriate  notation  or  service  accom- 
panying  it. 

Activities  —  Contests 

Operating  in  the  amateur  bands  offers  many 
thrills.  Routine  communication  is  possible,  but 
even  the  most  consistent  and  reliable  commu¬ 
nication  by  amateur  radio  is  not  at  all  limited 
to  routine.  The  “unexpected”  is  always  around 
the  corner.  A  pleasant  experience  may  arrivé  in 
the  form  of  unusual  DX,  a  renewed  friendship 
over  the  air,  a  chance  to  render  message  service 
in  some  special  case,  or  a  sudden  communica¬ 
tion  emergency  in  which  one  may  play  a  part. 

Special  activities  are  sponsored  by  the 
American  Radio  Relay  League,  adding  to  ham 
interest  and  fraternalism  at  the  same  time 
opportunity  is  given  for  testing  station  per¬ 
formance  over  definite  periods,  making  new 
friendships  and  QSOs,  and  developing  operat¬ 
ing  technique.  A.R.R.L.  also  coöperates  with 
foreign  amateur  societies  in  many  jointly  publi- 
cized  programs  for  the  operating  man  that 
have  similar  benefieial  aims. 

Contest  activities  are  diversified  as  greatly 
as  possible  to  appeal  to  every  classification  of 
amateur  interest  showing  a  desire  to  partici- 
pate.  The  most  well  known  of  all  are  the 
annual  Sweepstakes,  and  the  Field  Day,  ap- 
pealing  to  all  groups. 

The  annual  Navy  Day  Receiving  Com- 
petition  is  managed  by  the  A.R.R.L.  in  late 
October,  an  opportunity  for  any  receiving 
ham  to  check  his  copying  ability  and  profi- 
ciency  by  getting  the  telegraphic  dispatches 
sent  from  NAA  and  NPG  to  amateurs  on  the 
occasion  of  Navy  Day,  October  27th.  An 
“honor  roll”  in  QST  and  letters  of  commenda- 
tion  follow  this  event. 

One  of  the  very  biggest  events  of  the  year 
is  the  annual  Sweepstakes  Contest  which  has 
potentialities  of  operating  fun  and  new  QSOs 
for  everybody,  the  operation  extending  to  all 
bands.  Each  November  the  rules  for  this  are 
announced.  A  large  number  of  contacts,  new 
stations,  new  Sections  and  other  operating 
records  are  always  reportcd  in  and  after  the 
“SS”  and  the  spirit  of  fraternalism  prevails. 
The  magie  key  to  open  the  door  to  QSOs,  new 
and  old,  during  the  Sweepstakes  is  a  CQ  SS, 
sent  in  a  snappy  manner,  by  any  ham,  any- 
where  in  the  72  A.R.R.L.  Sections. 

In  December  a  Copying  Bee  has  been 
arranged.  The  League  offers  a  special  award  to 
the  most  proficient.  Unusual  word  and  figure 
combinations  are  transmitted  at  a  fairly  rapid 
speed  by  tape  transmitters  from  three  or  four  of 
the  more  powerful  amateur  stations  through- 
out  the  country.  Note  the  schedules  in  Decem¬ 
ber  QST  and  report  your  copy  from  one  of 
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these  stations  to  A.R.R.L.  Coöperative  an- 
nouncements  of  operating  arrangements  with 
other  societies  are  often  made  for  December 
and  January,  also. 

Of  major  importance  in  the  League’s  op- 
erating  program,  is  the  annuai  A.R.R.L.  Field 
Day  held  on  a  week-end  in  June,  combining 
the  out-of-door  opportunities  with  the  Field 
testing  of  portables.  As  in  all  our  operating, 
the  idea  of  having  a  good  time  is  combined 
with  the  more  serious  thought  of  preparing 
ourselves  to  shoulder  the  communication  load 
as  emergencies  turn  up  and  the  occasion  re- 
quires.  A  premium  is  placed  on  the  use  of  low 
or  medium  power,  on  portability,  and  on  the 
use  of  equipment  without  connection  to  com¬ 
mercial  sources  of  power  supply.  Clubs  as  well 
as  individuals  have  a  major  part  in  this. 

Working  DX 

Hams  who  do  not  raise  DX  stations  read- 
ily  may  find  that  their  sending  is  poor,  their 
calls  ill-timed  or  judgment  in  error.  It  is  usually 
wasled  effort  for  W/VE  stations  to  send  CQ 
DX.  When  conditions  are  right  to  bring  in  the 
DX,  and  the  receiver  sensitive  enough  to  bring 
in  several  stations  from  the  desired  locahty, 
the  way  to  raise  DX  is  to  use  the  appropriate 
frequency  and  to  call  these  stations.  Reasonably 
short  calls,  with  appropriate  and  brief  breaks  to 
listen  will  raise  stations  with  minimum  time 
and  trouble.  The  reason  W/VE  CQs  do  not 
raise  DX  is  that  the  number  of  U.  S.  A.  and 
Canadian  hams  is  so  great  that  it  is  always 
possible  for  a  foreign  station  to  find  a  large 
number  of  W/VE’s  calling,  without  wasting 
time  on  stations  not  definitely  looking  for  his 
station. 

A  sensitive  receiver  is  often  more  important 
than  the  power  input  in  working  foreigners. 
There  is  not  much  difference  in  results  with  the 


the  distant  point  than  100  watts,  other  factors 
being  the  same.  It  will  not  do  much  better  than 
this  because  the  field  strength  drops  so  rapidly 
as  we  get  away  from  the  antenna.  In  working 
foreign  countries  and  DX  stations  you  should 
be  able  to  hear  ten  or  a  dozen  stations  before 
expecting  that  one  of  them  will  hear  you  call. 

Conditions  in  the  transmission  medium 
make  all  field  strengths  from  a  given  region 
more  nearly  equal  at  a  distance,  irrespective  of 
power  used  In  general,  the  higher  the  fre¬ 
quency  band.  the  less  important  “power” 
considerations  become. 

General  Practices 

The  signal  “V”  is  used  for  testing.  When 
one  station  has  trouble  in  receiving,  the 
operator  asks  the  transmitting  station  to 
“QSV”  while  he  tries  to  adjust  his  receiving 
set  for  better  reception.  A  decimal  point  is 
often  sent  by  the  letter  “R.”  Example:  2:30 
PM  is  sent  “2R30PM.”  A  long  dash  for  “zero” 
and  the  Morse  C  (..  .)  for  “clear”  are  in 
common  use.  Figures  are  best  spelled  out  in 
texts,  for  highest  accuracy.  An  operator  who 
misses  directions  for  a  repeat  will  send  “4,” 
meaning,  “Please  start  me,  where?”  NFT  for 
“no  filing  time”  is  common. 

The  law  concerning  superfluous  signals 
should  be  noted  carefully  by  every  amateur. 
Do  not  hold  the  key  down  for  long  periods 
of  time  when  testing  or  thinking  of  something 
to  send.  If  you  must  test,  disconnect  the  an¬ 
tenna  system  and  use  an  equivalent  “dummy” 
antenna  (made  of  lumped  resistance,  capacity 
and  inductance).  Send  your  call  frequently 
when  operating  with  the  antenna.  Piek  a  time 
for  adjusting  the  station  apparatus  when  few 
stations  will  be  bothered. 

Long  calls  af  ter  communication  has  been 
established  are  unnecessary  and  inexcusable. 


different  powers  used,  though  500  watts  will  The  up-to-date  amateur  station  uses  a 


One  of  these  Proficiency  Certificatee  may 
be  awarded  to  you.  Try  for  it,  by  copying 
W1AW  at  10:30  p.m.  E.S.T.  on  dates  an- 
nounced  in  QST  for  monthly  official  qualify- 
ing  runs.  If  you  can  do  15,  20,  25,  30  or  35 
w.p.m.  your  certificate  will  so  state!  Every 
F.C.C.  amateur  licensee  is  eligibie. 

The  material  is  sent  simultaiieously  on 
1761,  3825,  7280,  14253,  and  28,510  kes- 
from  W1AW.  There  are  practice  runs  starting 
15  minutee  to  20  minutes  earlier  daily,  exeept 
Friday,  from  W1AW. 


probably  give  10%  better  signal  strength  at  “break-in”  system  of  operation  and  just  one 

switch  controlling  the  power  supply 
to  the  transmitter.  The  best  sending 
speed  is  a  medium  speed  with  the 
letters quickly  formed  and  sent  evenly 
with  proper  spacing.  The  Standard 
type  telegraph  key  is  best  for  all- 


round  use.  Before  any  freak  keys  are  used  a 
few  months  should  be  spent  listening-in  and 
practicing  with  a  buzzer.  Regular  daily  prac- 
tice  periods,  two  or  three  half  hour  periods  a 
day,  are  best  to  acquire  real  familiarity  and 
proficiency  with  code. 

No  excuse  can  be  made  for  a  “garbled”  text. 
Operators  should  copy  what  is  sent  and  refuse 
to  acknowledge  messages  until  every  word  has 
been  received  correctly.  Good  operators  never 
guess.  “Swing”  in  a  fist  is  not  the  mark  of  a 
good  operator,  is  undesirable.  Unusual  words 
are  sent  twice,  the  word  repeated  following 
transmission  of  “  ?  If  not  sure,  good  operators 
systematically  ask  for  fills  or  repeats. 

Don’t  say,  “QRM”  or  “QRN”  when  you 
mean  “QRS.” 

Don’t  acknowledge  any  message  until  you 
have  received  it  completely. 

Don’t  CQ  unless  there  is  definite  reason  for 
so  doing.  When  sending  CQ,  use  judgment. 
Sign  your  call  frequently,  interspersed  with 
calls,  and  at  the  end  of  all  transmissions. 

Abbreviated  Standard  procedure  deserves  a 
word  in  the  interest  of  brevity  on  the  air.  Ab¬ 
breviated  practices  help  to  cut  down  unneces- 
sary  transmission.  However,  make  it  a  rule  not 
to  abbreviate  unnecessarily  when  working  an 
operator  of  unknown  experience. 

NIL  is  shorter  than  QRU  CU  NEXT 
SKED.  Instead  of  using  the  completely  spelled 
out  preamble  HR  MSG  NR  £ 87  WlGME  CK 
18  MIDDLEBURY  CONN  OCTOBER  £8 
TO,  etc.,  transmission  can  be  saved  by  using 
387  WlGME  18  MIDDLEBURY  CT  OCT  £8 
TO,  etc.  One  more  thing  that  conserves  operat- 
ing  time  is  the  cultivation  of  the  operating 
practice  of  writing  down  “287  W1UE  615P 
11/13/37”  with  the  free  hand  during  the  send¬ 
ing  of  the  next  message. 

“Handling”  a  message  always  includes  the 
transmission  and  receipt  of  radio  acknowledg- 
ment  (QSL)  of  same,  and  entry  of  date,  time 
and  station  call  on  the  traffic,  as  handled,  for 
purposes  of  record. 

Procedure  for  Voice  Work 

Most  broadcasting  work  is  casual  and 
merely  one-way  communication  while  amateur 
radio  and  point-to-point  services  such  as  the 
airways  require  the  specific  attention  of  the 
listener,  and  receipting  for  all  transmissions. 
The  International  Telecommunications  Con- 
vention  and  the  supplementary  regulations 
thereto  prescribe  method  and  system  for  time 
saving  and  maximum  understandability.  The 
most  effective  amateur  voice  operation  con¬ 
forms  closely,  where  accuracy  is  the  required 
objective,  and  cxamples  of  such  procedure  in 
accordance  with  the  universal  practice  will 
be  given.  The  general  practices  of  radio  extend 
to  voice  and  telegraph  alikc  and  may  be  fol- 
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lowed  with  the  special  voice  procedure 
mentioned. 

At  the  start  of  communication  the  ealling 
formula  is  spoken  twice  by  both  the  station 
called  and  the  ealling  station.  After  contact  is 
established  it  is  spoken  once  only.  Examples: 

W5QL  calls:  “Hello  W3JZ  Philadelphia,  hello  W3JZ 
Philadelphia,  W5QL  Oklahoma  City  ealling,  W5QL  Okla- 
homa  City  ealling,  message  for  you,  message  for  you,  come 
in  please.” 

W3JZ  replies:  “Hello  W5QL  Oklahoma  City,  hello 
W5QL  Oklahoma  City,  W3JZ  Philadelphia  answering, 
W3JZ  Philadelphia  answering,  send  your  message,  send 
your  message,  come  in  please.” 

W5QL  replies:  “Hello  W3JZ  Philadelphia,  W5QL  Okla¬ 
homa  City  answering,  the  message  begins,  from  Oklahoma 

City  Oklahoma  W5QL  number . [usual  preamble, 

address,  text,  signature,  etc.],  message  ends;  I  repeat,  the 
message  begins,  from  Oklahoma  City  Oklahoma  W5QL 
number . [repetition  of  preamble,  address,  text,  sig¬ 

nature,  etc.],  message  ends,  come  in  please.” 

W3JZ  replies:  “Hello  W5QL  Oklahoma  City,  W3JZ 
Philadelphia  answering,  your  message  begins,  from  Okla¬ 
homa  City  Oklahoma  W5QL  number . [repetition  of 

complete  message],  end  of  your  message,  come  in  please.” 

W5QL  replies:  “Hello  W3JZ  Philadelphia,  WöQL 
Oklahoma  City  answering,  you  have  the  message  correctly, 
you  have  the  message  correctly,  W5QL  Oklahoma  City 
signing  off.” 

Note  that  in  handling  traffic  by  voice,  mes¬ 
sages  are  repeated  twice  for  accuracy,  using  the 
word  list  to  spell  names  and  prevent  misunder- 
standings;  The  receiving  station  must  repeat 
the  message  back  in  addition.  Only  when  the 
sender  confirrns  the  repetition  as  correct  can 
the  message  be  regarded  as  handled. 


Word  List  for  Accurate  Transmission 


When  sending  rnessages  containing  radio 
calls  or  initials  likely  to  be  confused  and  where 
errors  must  be  avoided,  the  calls  or  initials 
should  be  thrown  into  short  code  words: 


A  — 

ABLE 

J - JIG 

s 

—  SAIL 

B  — 

BOT 

K -  KIXQ 

T 

—  tare 

C  — 

CAST 

L -  LOVE 

U 

- UNIT 

D  — 

DOG 

M  -  MIKE 

V 

-  VICE 

E  — 

KAST 

N  —  nan 

w 

- WATCH 

F  — 

FOX 

0  —  OBOE 

X 

—  X-RAT 

G  — 

QEOROE 

P  —  PTJP 

Y 

- YOKE 

H  — 

HAVE 

Q -  QUACK 

Z 

- ZED 

I  — 

ITEM 

R -  ROT 

Example:  WlBCG  is  sent  as  WATCII  ONE 
BOY  CAST  GEORGE. 

A  somewhat  different  list  can  be  obtained 
from  the  local  Western  Union  telegraph  office 
and  posted  beside  the  telephone  to  use  when 
telephoning  messages  containing  initials  and 
difficult  words.  Such  code  words  prevent  errors 
due  to  phonetic  similarity.  Here  is  the  Western 
Union  word-list: 


A  —  ADAMS 

B - BOSTON 

C -  CHICAOO 

D  -  DENVER 

E  -  EDWABD 

F -  FRANK 

G - QEOBGR 

H - HENRY 

I  —  IDA 


J - JOHN 

K  -  KING 

L  - LINCOLN 

M  - MART 

N  —  NEW  TORK 

O -  OCEAN 

P -  PETER 

Q  —  QTJEEN 
R  - ROBEHT 


S  —  8UGAB 

T  - THOMAS 

U  - "UNION 

V  -  VICTOR 

W  —  WILLIAM 
X  —  X-BAT 

Y  —  TOUNG 
Z  —  ZERO 
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Names  of  States  and  countries  are  of  ten  used 

for  identifying  letters  in  amateur  radiotele- 
phone  work,  the  possible  objection  being  the 
confusion  of  the  names  of  places  with  the 
station’s  location.  It  is  recommended  by 
A.R.R.L.  that  use  of  special  abbreviations  such 
as  Q  code  be  minimized  insofar  as  possible  in 
voice  work,  and  that  full  expression  (with  con- 
ciseness)  be  substituted.  O.P.S.  have  adopted 
the  Western  Union  word  list  as  A.R.R.L. 
practice  for  avoiding  difficulty  with  phonetic 
similarity.  All  word  lists  should  be  used  in 
moderation,  as  necessary  in  avoiding  mis- 
understanding,  and  at  the  end  of  calls  not 
more  than  once. 

Using  a  Break-In  System 

If  you  aim  to  have  the  best,  and  every  ham 
does,  you  will  have  break-in,  whether  of  the 
push-to-talk  or  open  the  key  variety,  but  if  you 
haven’t  the  ideal  installation  yet,  by  all  means 
operate  intelligently  and  take  every  advantage 
of  the  other  fellow’s  facilities  when  break-in  is 
offered!  Break-in  avoids  unnecessarily  long 
calls,  prevents  QRM,  gives  you  more  com- 
munication  per  hour  of  operating.  Brief  calls 
with  frequent  short  pauses  for  reply  can  ap- 
proach  (but  not  equal)  break-in  efficiency. 

A  separate  receiving  antenna  makes  it  pos¬ 
sible  to  listen  to  most  stations  while  the  trans- 
mitting  tubes  are  lighted.  It  is  only  necessary 
with  break-in  to  pause  just  a  moment  occa- 
sionally  when  the  key  is  up  (or  to  cut  the 
carrier  momentarily  and  pause  in  a  ’phone 
conversation)  to  listen  for  the  other  station. 
The  click  when  the  carrier  is  cut  off  is  as 
effective  as  the  word  “break.” 

For  ’phone  a  push  button  to  put  the  carrier 
on  the  air  only  while  talking  is  a  completcly 
practical  device.  and  amateur  ’phone  operators 
would  do  well  to  emulate  the  push-to-talk 
efficiency  of  the  airways  operators  to  improve 
conditions  in  the  ’phone  bands. 

C.w.  lelegraph  break-in  is  usually  simple  to 
arrange.  With  break-in,  ideas  and  messages  to 
be  transmitted  can  be  pulled  right  through  the 
holes  in  the  QRM.  Snappy,  effective,  efficiënt, 
enjoyable  amateur  work  really  requires  but  a 
simple  switching  arrangement  in  your  station 
to  cut  off  the  power  and  switch  ’phones  from 
monitor  to  receiver.  If  trouble  occurs  the  send- 
ing  station  can  “stand  by”  (QRX),  or  it  can 
take  traffic  until  the  reception  conditions  at 
the  distant  point  are  again  good. 

In  calling,  the  transmitting  operator  sends 
the  letters  “BK,”  “BK  IN,”  or  “BK  ME”  at 
frequent  intervals  during  his  call  so  that  sta¬ 
tions  hearing  the  call  may  know  that  a  break-in 
is  in  use  and  take  advantage  of  the  fact.  He 
pauses  at  intervals  during  his  call,  to  listen  for 
a  moment  for  a  reply  from  the  station  being 
called.  If  the  station  being  called  does  not 


answeT  the  call  can  be  oontinued,  If  the  station 

called  answers  someone  else,  he  will  be  heard 
and  the  calling  can  be  broken  off.  With  full 
break-in,  transmitter  may  be  remotely  con- 
trolled  so  no  receiver  switching  is  necessary. 
A  tap  of  the  key,  and  the  man  on  the  receiving 
end  can  interrupt  (if  a  word  is  missed)  since 
the  receiver  is  monitoring,  awaiting  just  such 
directions  constantly.  But  it  is  not  necessary 
that  you  have  such  complete  perfect  facilities 
to  take  advantage  of  break-in  when  the  sta¬ 
tions  you  work  are  break-in  equipped.  It  is 
not  intelligent  handling  of  a  station  or  coöpera- 
tion  with  an  operator  advertising  that  he  has 
“bk  in”  with  his  calls,  to  sit  idly  by  minute 
after  minute  of  a  properly  sent  call.  After  the 
first  invitation  to  break  is  given  and  at  each 
subsequent  pause  turn  on  your  transmitter 
and  tap  your  key  —  and  you  will  find  that 
conversation  or  business  can  start  immediately. 

Keeping  a  Log 

The  F.C.C.  requires  every  amateur  to  keep 
a  complete  station  operating  record.  It  may 
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KEEP  AN  ACCURATE  AND  COMPLETE 
STATION  LOG  AT  ALL  TIMES1  THE  F.C.C. 

REQUIRES  IT 

Tbe  official  A.R.R.L.  log  is  sbown  ahove,  answering 
every  government  requirement  in  respect  to  station 
records.  Bound  logs  made  up  in  accord  with  tbe  above 
form  cao  be  obtained  from  Hcadquarters  for  a  nomi- 
nal  sum  or  you  can  prepare  your  own,  in  wbich  case 
we  offer  this  form  as  a  suggestion,  hoping  that  you 
find  it  worthy  of  adoption.  Every  station  must  keep 
some  sort  of  a  log.  The  above  log  has  a  special  wire 
binding  and  lies  perfectly  flat  on  the  table. 

also  contain  records  of  experimental  tests  and 
adjustment  data.  A  stenographer’s  notebook 
can  be  ruled  with  vertical  lines  in  any  form  to 
suit  the  user.  The  Federal  Communications 
Commission  requirements  are  that  a  log  be 
maintained  which  shows  (1)  the  date  and  time 
of  each  transmission,  (2)  all  calls  and  transmis- 
sions  made  (whether  two  way  contacts  re- 
sulted  or  not),  (3)  the  input  power  to  the  last 
stage  of  the  transmitter,  (4)  the  frequency 
band  used.  (5)  the  time  of  ending  each  QSO 
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and  the  operator’s  identifying  signature  for 
responsibility  for  each  session  of  operating 
Messages  may  be  written  in  the  log  or  separate 
records  kept  —  but  record  must  be  made  for 
one  year  as  required  by  the  F.C.C.  For  the 
convenience  of  amateurs  A.R.R.L.  stocks  both 
log  books  and  message  blanks,  and  if  one  uses 
the  official  log  he  is  sure  to  fully  cornply  with 
the  government  requirements  if  the  precau- 
tions  and  suggestions  included  in  the  log  are 
followed. 

The  R-S-T  System  of  Signal  Reports 

The  R-S-T  system  is  an  abbreviated  method 
of  indicating  the  main  characteristics  of  a  re- 
ceived  signal,  the  Readability,  Signal  Strength, 
and  Tone.  The  letters  R-S-T  determine  the 
order  of  sending  the  report.  In  asking  for  this 
form  of  report,  one  transmits  RST?  or  simply 
QRK? 


HEADAB1L1TY 

1  —  Unreadablc 

2  —  Barely  readable.  occasional  words  dis- 

Ünguishable 

3  —  Readable  with  eonsiderable  difficulty 

4  —  Readable  with  practically  no  diffieulty 

5  —  Perfectly  readable 

SIGNAL  STRENGTH 

1  —  Faint  —  signals  barely  perceptible 

2  —  Very  weak  nignab 

3  —  Weak  signals 

4  —  Fair  signals 

5  —  Fairly  good  signals 

6  —  Good  signals 

7  —  Moderately  strong  signals 

8  —  Strong  signals 

9  —  Extremely  strong  signals 

TONE 

1  —  Extremely  rough  hissing  note 

2  —  Very  rough  a.c.  note,  no  tracé  of  musical- 

!ty 

3  —  Rough,  low-pitched  a.c.  note,  slightly 

musical 

4  —  Ratber  rongh  a.c.  note,  moderately  musi¬ 

cal 

5  —  Musically  modulated  note 

6  —  Modulated  note,  slight  tracé  of  whistle 

7  —  Near  d.c.  note,  smooth  ripple 

8  —  Good  d.c.  note,  just  a  tracé  of  ripple 

9  —  Purest  d.e.  note 

(If  the  note  appears  to  be  crystal  co  n  trol  led 
simply  add  an  X  after  the  appropriate  num- 
ber.) 


Such  a  signal  report  as  “RST  387X”  (ab¬ 
breviated  to  387X)  will  be  interpreted  as 
“Your  signals  are  readable  with  eonsiderable 
difficulty;  good  signals  (strength);  near  d.c. 
note,  smooth  ripple;  crystal  characteristic 
noticed.”  Unless  it  is  desired  to  comment  in 
regard  to  a  crystal  characteristic  of  the  signal, 
o  single  ihree-numeral  group  will  constitute  a 
complete  report  on  an  amateur  signal.  The 


R-S-T  system  is  the  Standard  A.R.R.L. 
method  of  reporting.  Various  report  eombina- 
tions  are  based  on  the  table. 

Emergency  Operating  Precautions 1 

In  emergency  operating  a  fine  sense  of  dis- 
crimination  is  necessary.  Desire  to  help 
through  transmitting  participation  is  often  a 
dangerous  thing.  Careful  listening  locates  sta¬ 
tions,  places,  nets,  keeps  general  calls  at 
minimum  and  enables  handling  traffic  effi- 
ciently  responsive  to  the  CQ  of  an  emergency 
area  station.  “Talking  it  over’’  and  general 
chatter  should  be  reserved  until  emergency 
conditions  no  longer  exist. 

As  soon  as  the  F.C.C.  has  “declared”  a 
condition  of  general  Communications  emer¬ 
gency,  special  amateur  regulations  (Sec. 
152.54)  govern  absolutely,  with  the  following 
provisions  effective  until  the  Commission  de- 
clares  the  emergency  ended: 

1.  No  transmissions  in  the80-or  160-meter  bands 
may  be  made  except  thoae  relating  to  the  relief  or 
emergency  service.  Casual  conversation,  incidental 
calling  or  testing,  remarkg  not  pertinent  to  the 
constructive  handling  of  the  emergency  Commu¬ 
nications,  shall  be  prohibited. 

2.  25— kc.  band-edge  segments  shall  be  reserved  at 
all  times  for  (a)  emergency  calling  channels,  (b) 
initial  calls  from  the  isolated,  (c)  first  calls  initiating 
dispa tch  of  important  priority  relief  matters.  All 
stations  shall,  for  general  communication,  shift  to 
other  within-band  frequencies  for  carrying  on 
communication.  The  channels  for  calling  ONLY, 
in  emergencies,  are:  2025-2050  3500—3525  and 
3975-4000  kcs. 

3.  Hourly  observance  of  mandatory  quiet  or  lis¬ 
tening  periods,  the  first  fivo  minuten  of  each  hour. 
(No  calls  may  be  answered  in  this  period.  Only 
“utmost  priority"”  traffic  may  continue.) 

4.  For  promulgating  the  emergency-dcclaration, 
for  polieing-warning-observing  work  in  1750-2050 
and  3500-4000  kc.  bands,  F.C.C.  may  designate  cer- 
tain  amateur  stations.  Announcements  from  these 
stations  will  be  identified  by  their  reference  to  Sec. 
152.54  by  number,  and  their  specification  of  the 
date  of  the  F.C.C.’s  declaration,  with  statement  of 
the  area  and  nature  of  the  emergency. 

Where  a  Communications  emergency  is  part 
of  a  general  emergency  accompanied  by  relief 
problems  and  movements  of  the  population  it 
will  be  found  that  many  refugees  are  created 
by  the  situation  and  deliveries  of  ingoing  mes¬ 
sages  to  these  people  are  well  nigh  impossible. 
There  is  great  good  will  as  a  result  of  handling 
personal  safety  messages  in  each  instance 
where  delivery  can  be  effected,  but  it  must  be 
remembered  that  relief  problems  of  the  com- 
munity  at  large,  official  messages  from  Red 
Cross,  military  and  civic  officials  have  absolute 
priority.  Radio  circuits  must  carry  the  im¬ 
portant  messages  first,  and  when  personal 
safety  messages  are  permissible  in  the  judg- 
ment  of  operators  in  the  affected  area  it  is  even 
then  much  more  profitable  to  have  the  burden 
of  traffic  outgoing  messages  of  safety  rather 
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than  requests  for  investigating  safety  which 
eannot  be  acted  upon  except  at  a  deferred  date. 
Organization  must  avoid  unnecessary  duplica- 
tion  of  channels,  must  load  telegraph  circuits 
properly  to  avoid  congesting  telephone  chan¬ 
nels  where  fewer  circuits  are  available.  Mes- 
sages  should  be  routed  for  point  to  point 
delivery  by  a  single  channel,  and  no  irritating 
duplications  or  repeating  of  the  same  messages 
(broadcast)  be  permitted  where  this  can  be 
avoided.  The  function  of  broadcasting  stations 
is  to  reach  the  public,  that  of  amateur  stations 
to  handle  point  to  point  information  efficiently 
with  as  little  public  excitement  as  possible  and 
maximum  secrecy  for  textsof  official  messages 
and  any  information  that  might  start  rumors. 

It  is  important  that  originating  stations 
number  their  messages  and  put  them  in  Standard 
form.  That  makes  the  work  systematic  and 
respected  and  takes  it  out  of  the  hit  or  miss 
classification  into  which  casual  exchanges  fall 
in  the  minds  of  recipients.  Such  method  in  all 
amateur  work  instantly  nails  duplicate  mes¬ 
sages,  makes  tracing  possible,  and  makes 
amateur  performance  comparable  with  that  of 
other  communication  services. 

Unauthorized  broadcasting  and  modifying 
of  broadcasts  addressed  to  the  amateur  serv¬ 
ice  has  caused  difficulty  in  major  emergencies 
of  recent  years.  Rumors  are  started  by  unin- 
telligent  expansion  or  contraction  (and  subse- 
quent  repetitions)  of  broadcast  dispatches.  It  is 
improper  and  deserving  of  censure  and  severe 
penalties  to  delete  essential  limiting  words  that 
qualify  a  message,  to  expand,  exaggerate,  or 
alter  meanings.  Broadcasts  should  inelude 
their  source  and  authority;  they  should  be 
repeated  exactly  if  at  all,  or  not  repeated; 
League  and  F.C.C.  transmissions  through  vigi¬ 
lante  appointees  in  emergencies  of  the  future 
will  as  in  the  past  extend  no  authority,  or 
specified  limited  authority,  to  rebroadcast. 

The  League’s  Emergency  Corps  has  adopted 
the  principles  tabulated  for  “before  —  in  — 
after  emergencies”  and  in  addition  is  pledged 
to  a  man  to  observe  the  following: 

.  .  .  to  confirm  the  authenticity  of  reports,  and  as  a 
responsible  individual  avoid  publication  or  transmission  of 
any  rumor,  except  labelled  as  such.  (Vital  information 
should  be  released  only  when  verified  by  proper  authority. 
Make  your  operation  in  connection  with  official  agencies 
such  as  the  Red  Cross,  civil  and  military  autborities  so  that 
messages  may  be  signed  by  officials  in  as  many  cases  as 
possible.) 

.  ...  to  work  elosely  with  any  A.R.R.L.  (city  or  regional) 
Emergency  Coördinator  that  may  be  appointed.  AIso  to 
coöperate  with  Section  Communications  Manager,  Route 
Manager,  or  Phone  Activities  Manager  in  any  definite  steps 
for  emergency  organization. 

.  .  .  .  to  have  proper  regard  to  priority  of  Communications. 
To  keep  quiet  (QRX)  as  much  as  possible  to  reduce  iiiter- 
ference.  Priority  is  normally  determined  within  the  emer¬ 
gency  zone  itself. 

.  .  .  .  to  become  acquainted  with  the  special  frequencies 
and  facilities  of  organized  amateur  groups,  the  A.A.K.S.  and 
Ü.S.N.R. 


,  .  .  .  to  use  QRR  only  if  necessary,  and  tben  use  it  cor- 
rectly.  (It  may  ONLY  be  used  by  a  station  in  an  emergency 
zone  with  an  actual  distress  message.) 

Emergency  Communication1 

A  Communications  emergency  occurs  when- 
ever  normal  facilities  are  interrupted  or  over- 
loaded,  and  may  or  may  not  involve  general 
public  participation.  A  Communications  emer¬ 
gency  need  not  involve  a  public  relief  or  welfare 
emergency,  but  the  latter  condition  usually  is 
accompanied  by  a  Communications  emergency. 

In  scores  of  emergencies  radio  amateurs  have 
given  a  good  account  of  themselves.  Radio 
has  proved  the  only  agency  to  span  the  gap 
with  power  failing  and  wires  down.  Since  our 
amateur  stations  are  of  the  most  numerous 
class  licensed,  because  they  are  located  any- 
where  and  everywhere,  many  are  located 
strategically  to  give  an  account  of  them¬ 
selves  as  need  arises.  Those  amateurs  best 
prepared  before  trouble  comes  are  credited 
with  having  played  most  important  parts.  It 
should  be  a  matter  of  pride  with  every  amateur 
to  fit  himself  as  a  superlative  operator,  and 
equip  himself  with  apparatus  with  an  eye  to 
emergencies  when  power  may  evaporate  from 
customary  commercial  sources  with  a  view  to 
carrying  on  the  vital  service  of  amateur  com¬ 
munication  if  urgent  opportunity  for  a  service 
large  or  small  arrivés. 

We  serve  best  by  manning  a  few  powerful, 
best  situated  stations  with  amateur  operators 
in  8-hour  shifts,  rather  than  inadequately 
manning  too  many  amateur  stations  with  over- 
worked  operators  creating  band  congestion. 

Those  we  serve  in  widespread  emergency  are 
the  Red  Cross,  civil  and  military  authorities, 
transportation  agencies,  power-gas-light-water 
Utilities,  the  Coast  Guard,  Army  engineers  and 
others.  In  doing  this  we  often  work  hand  in 
hand  with  other  wire  and  radio  services  as  well 
as  with  each  other. 

In  the  event  of  new  cases  of  serious  and 
widespread  Communications  emergency,  it  is 
likely  that  the  F.C.C.  will  follow  precedent 
(and  its  new  regulations,  Sec.  152.54)  and  again 
declare  a  general  Communications  emergency. 
Then,  as  in  the  Ohio  valley  flood  (1937)  it  is 
likely  that  F.C.C.  will  call  on  your  A.R.R.L. 
to  recommend  policing-observing  stations  for 
F.C.C.  to  appoint  in  the  different  amateur 
bands  to  function  for  the  duration  of  the 
emergency.  A.R.R.L.  stands  ready  with  its 
experience,  its  program  of  preparedness,  and 
its  member-station  organization  in  which  ev¬ 
ery  live  amateur  who  volunteers  has  a  part. 

Monitored  Frequencies 

A  few  words  on  the  last  two  points:  In  dire 
disaster  where  life  and  property  are  threatened 
and  a  region  is  isolated  except  for  wireless 
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communication,  government  aid  may  be  se- 
cured  when  all  attempts  on  normal  channels 
have  failed,  by  “breaking”  an  existing  govern¬ 
ment  circuit.  A.A.R.S.  use  6990-,  3497)^-,  etc., 
kcs.  Naval  shore  stations  guard  certain  fre- 
quencies  constantly,  also.  In  the  east  4040- 
4075,  4235-  and  8920-  kcs.  at  night,  or  7995 
kcs.  in  daylight  hours,  and  in  the  west  4010-, 
4235-,  4525-  and  7995-  kcs.  are  the  night,  with 
8150  kc.  a  day  frequency. 

Emergency  Calling  Frequencies 

Regarding  QRR,  which  call  is  limited  to  use 
of  isolated  stations  for  flrst  emergency  calls, 
special  provision  and  methods  are  necessary  to 
assist  the  stations  under  handicap  of  no  com¬ 
mercial  power  in  remote  sections  in  getting 
contact  and  help.  Their  problem  is  vital,  and 
different  from  the  problem  of  casual  participa- 
tion  by  the  amateur  community  at  large. 

It  is  recommended  by  A.R.R.L.  that  fre¬ 
quencies  at  the  band  edges  be  utilized  for 
emergency  calls,  with  no  general  emergency  de- 
clared  or  in  effect.  This  lends  point  and  speci- 
fication  to  builders  of  emergency  equipment. 
This  spot  on  all  bands  is  well  eovered  continu- 
ously  by  receivers.  It  gives  hope  to  the  isolated 
operator  that  he  be  heard.  At  such  frequencies 
all  Iisteners  are  instructed  to  hunt  for  weak  sig- 
nals  in  any  periods  in  general  emergency  estab- 
lished  for  taking  account  of  the  isolated,  and 
establishing  new  important  connections. 

The  F.C.C.  regulations  2  now  require  that  in 
general  emergency  2050-2025  kcs.,  4000-3975 
kcs.  and  3500-3525  kcs.  shall  be  reserved  as 
emergency  calling  channels  —  prohibited  to  all 
stations  except  for  first  emergency  or  QRR 
calls,  and  initial  or  important  emergency  relief 
traffic  or  arrangements,  whenever  F.C.C.  shall 
have  recognized  and  declared  a  general  Communi¬ 
cations  emergency  exists.  All  stations  using  such 
channels  shall  as  rapidly  as  practicable  shift 
to  normal  working  and  calling  frequencies,  to 
leave  these  emergency  channels  clear  for  im¬ 
portant  calls  of  this  type. 

The  Federal  Communications  Commission 
rules  also  require  that  in  emergency,  all  ama¬ 
teur  stations  in  the  designated  areas  observe 
a  silent  or  listening  period  for  the  first  five 
minutes  of  each  hour  (0000-0005),  on  all  ama¬ 
teur  channels  (3500-4000  kcs.,  1750-2000  kcs.), 
tuning  through  the  emergency  calling  channels 
and  other  channels  for  any  QRR  or  initial-im- 
portant  calls  from  weak  stations,  previously 
unheard  in  interference. 

The  League  requests  the  fullest  collaboration3 
and  coöperation  of  all  amateurs  to  add  to  our 
public  service  record.  Preparedness  of  station 
and  operator  is  the  first  step.  Voluntary  enlist- 
ment  of  every  amateur  is  requested  (1)  in 
abiding  by  the  precepts  above  outlined  (2) 
in  registering  in  the  A.R.R.L.  Emergency 
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BEFORE  EMERGENCIES 

Be  ready,  with  emergency  power 
supply.  Six-volt  tubes  in  exciters  and 
receivers  make  for  convertibility  and 
utility  in  portable  work  where  gas 
engine  generators  are  not  available. 
Overhaul  and  test  periodically. 

Test  set  operator  ability  in  A.R.R.L. 
Field  Day  and  Contests.  Give  local 
officials  and  agencies  your  address; 
explain  amateur  facilities;  act  via  the 
A.R.R.L.  Emergency  Coördinator 
wherever  one  is  appointed. 

IN  EMERGENCY 

REPORT  at  once  to  the  A.R.R.L. 
Emergency  Coördinator  so  he  will 
have  full  data  on  availability  of  sta¬ 
tions  —  operators  —  circuits.  Work  di¬ 
rect  with  agencies  we  serve  where  no 
appointed  official  is  in  charge,  and 
when  so  assigned. 

CHECK  station  operating  facilities; 
offer  services  to  all  who  may  use  them, 
via  Coördinator  or  helping  official 
where  one  is  available. 

QRR  is  the  official  A.R.R.L.  “land 
SOS,”  a  distress  call  for  emergency 
uses  only  .  .  .  for  use  only  by  station 
asking  assistance. 

RESTRICT  all  work  in  accord  with 
F.C.C.  regulations,2  Sec.  152.54,  assoon 
as  F.C.C.  has  “declared”  a  state  of 
Communications  emergency. 

THE  KEY  STATION  in  emergency 
zone  is  the  first  and  the  supreme  au- 
thority  for  priority  and  traffic  routing 
in  the  early  stages  of  emergency  relief 
Communications. 

PRIORITY  must  be  given  messages 
in  the  general  public  interest  (relief 
plans,  re  food,  medicine,  necessities). 
Press  reports  and  personal  assurance 
messages  can  then  be  handled  if 
practicable. 

COÖPERATION  is  required  of  all 
amateurs  with  those  we  serve;  with 
other  communication  agencies.  Don’t 
clutter  air  with  CQ’s.  The  majority 
of  amateurs  must  listen  in;  QRX, 
avoid  QRMing.  Be  ready  to  help;  op- 
erate  as  intelligently  as  possible; 
coöperate  by  staying  off  the  air  while 
vital  information  and  relief  measures 
are  handled,  if  stations  able  to  help  as 
well  as  yours  are  on  the  job.  (CQ 
STORM  AREA  is  nothing  hut  “  more 
QRM.”) 

AFTER  EMERGENCIES 

REPORT  to  A.R.R.L.  as  soon  as  pos¬ 
sible  and  as  fully  as  possible  so  ama¬ 
teur  radio  can  receive  full  credit.  Ama¬ 
teur  radio  communication  in  52  major 
disasters  since  1919  has  won  glowing 
public  tribute.  Maintain  this  record. 


The  Radio  Amateur  s  Handbook 


Corps  (3)  in  coöperation  for  local  community 
and  regional  planning  and  tests,  wbicb  will  be 
initiated  by  appointed  coördinators  and  other 
League  Officials  (4)  in  building  self-powered 
equipment. 

After  emergency  (large  or  small)  full  in- 
dividual  reports  to  the  A.R.E.L.  Communi¬ 
cations  Department  are  requested  for  the 
amateur  service  record.  The  part  that  every 
amateur  played  must  be  recorded  not  only  for 
the  QST  account,  but  to  strengthen  and  sup¬ 
port  the  running  record  of  amateur  achieve- 
ment. 

From  analysis  of  all  reports  A.R.R.L.  Public 
Service  Certificates  are  awardedfor  notdble  “pub¬ 
lic  service ”  work. 

Stations  outside  an  “emergency  zone”  in 
communication  with  relief  stations  in  that  zone 
are  requested  to  inform  A.R.R.L.  Headquarters 
at  once  of  this  situation  by  telegram  to  facilitate 
trajjic  movement  and  for  the  information  of  the 
press. 

Message  Handling 

Amateur  traffic  handling  is  highly  devel- 
oped  and  effective,  if  one  knows  how  to  use  it. 
Don’t  expect  that  you  can  get  on  the  air 
with  the  message  you  have  written  and  give  it 
to  the  first  station  that  comes  along  and  expect 
miracles  to  happen.  You  fellows  who  get  your 
fun  principally  from  DX,  rag  chewing,  and 
building  equipment  should  appreciate  that  you 
must  place  the  occasional  message  you  start 
and  wish  to  have  reach  its  destination,  not  in 
the  hands  of  others  like  yourselves,  but  in  the 
hands  of  one  of  the  many  operators  who  spe- 
cialize  in  keeping  schedules  and  handling 
messages,  one  who  gets  his  fun  mainly  out  of 
this  branch  of  our  hobby,  who  knows  the  best 
current  routes  and  is  in  a  position  to  use  them. 

Station  owners  may  originate  traffic  of  any 
kind  going  to  any  part  of  the  United  States, 
Hawaii,  Porto  Rico,  Alaska,  or  the  Philippines. 

Messages  should  be  put  in  as  complete  form 
as  possible  before  transmitting  them.  Incom- 


Special  Orders  No.  73  and  73A,  adopted  by 
the  F.C.C.  in  connection  with  national  de- 
fense  requirements  prohibit  general  porta¬ 
ble  work  with  the  following  exceptions:  (1) 
Work  by  stations  of  amateurs  supplying  or 
attempting  to  supply  communication  in  the 
public  interest,  in  a  bona  fide  domestic  Com¬ 
munications  emergency,  is  permitted.  (2) 
Operation  “above  56,000  kc.”  is  unrestricted, 
seven  days  per  week.  (3)  Provided  notice  of 
proposed  operation  lias  been  filed  with  the 
proper  F.C.C.  office  48  hours  in  advance ,  the 
testing  of  self-powered  portables  and  port¬ 
able  mobile  emergency  equipment  in  day- 
light  hours  on  Saturdays  and  Sundays,  is 
permitted. 


plete  messages  should  not  be  accepted.  As  mes¬ 
sages  are  often  relayed  through  several  stations 
before  arriving  at  their  destination,  no  abbrevia- 
tions  should  be  used  in  the  text  as  mistakes  are 
bound  to  happen  when  the  text  is  shortened  in 
this  manner.  To  people  not  acquainted  with 
radio  abbreviations,  messages  written  in  short¬ 
ened  form  are  meaningless.  Delivering  stations 
must  be  careful  to  see  that  messages  are  writ¬ 
ten  out  fully. 

In  handling  messages  we  are  doing  some- 
thing  really  worth  while.  We  want  to  start  only 
good  worth-while  messages  from  our  stations. 
Our  efforts  should  be  directed  to  making  the 
quality  of  our  message  service  high.  The  num- 
ber  of  messages  we  handle  is  of  secondary  im- 
portance.  The  kind  of  messages  we  originate 
or  start  from  our  stations  and  the  speed  with 
which  the  messages  pass  through  our  station 
and  the  reliability  or  accuracy  with  which  the 
messages  are  handled  are  the  things  of  para- 
mount  importance. 

Just  as  the  ultimate  aim  of  amateur  radio 
on  all  frequency  bands  is  communication,  so 
is  the  relaying  of  word  by  radiogram  a  “nat- 
ural”  when  one  has  something  to  say  to  a 
party  beyond  immediate  reach.  Not  all  hams 
perhaps  appreciate  the  utility  that  results 
from  using  amateur  message  service  in  our  ham 
correspondence.  However,  no  ham,  not  even  a 
new  member  of  the  brotherhood,  but  feels  the 
satisfaction  of  having  really  accomplished 
something  tangible  in  exchanging  a  message 
(recorded  communication)  with  another  ama¬ 
teur.  Of  course  not  all  beginners  develop  the 
advanced  operating  technique  of  the  finished 
message  handler,  but  it  is  within  the  reach  of 
all  who  will  try. 

The  amateur  who  handles  traffic  is  auto- 
matically  training  himself  to  do  the  kind  of  a 
job  official  agencies  desire  in  emergencies,  and 
he  becomes  a  valuable  exponent  of  the  whole 
amateur  service. 

Message  Form 

Each  message  originated  and  handled  should 
contain  the  following  component  parts  in  the 
order  given: 

(a)  Number 

(b)  Station  of  Origin 

(c)  Check 

(d)  Place  of  Origin 

(e)  Time  Filed 

(f)  Date 

(g)  Address 

(h)  Text 

(i)  Signature 

A  Standard  form  enables  one  to  know  just 
what  is  coming  next,  and  makes  accuracy  pos¬ 
sible  with  speed.  Start  some  messages  to 
familiarize  yourself  with  the  proper  way  to 
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write  and  send  traffic  in  good  form.  Just  as  you 
would  be  ashamed  to  admit  it  if  you  could  not 
qualify  as  an  experienced  amateur  by  at  least 
“15  w.p.m.”  code  capability,  be  equally  proud 
of  your  basic  knowledge  of  how  to  properly 
form  and  send  record  Communications. 

(a)  Every  message  transmitted  should  bear  a  “number.” 
On  the  first  day  of  each  calendar  year,  each  transmitting 
station  eatablishes  a  new  series  of  numbers,  beginning  at 
No.  1.  Keep  a  sheet  with  a  consecutive  list  of  numbers 
handy.  File  all  messages  without  numbers.  When  you  send 
the  messages,  assign  numbers  to  them  from  the  “number 
sheet,"  scratching  off  the  numbers  on  that  list  as  you  do  so, 
making  a  notation  on  the  number  sheet  of  the  Btation  to 
which  the  message  was  sent  and  the  date.  Such  a  system  is 
convenient  for  reference  to  the  number  of  messages  origi- 
nated  each  month. 

(b)  The  “station  of  origin”  refers  to  the  call  of  the  sta¬ 
tion  at  which  the  message  was  filed.  This  should  always  be 
included  so  that  a  “service”  message  may  be  sent  back  to 
the  originating  station  if  something  interferes  with  the 
prompt  handling  or  delivery  of  a  message.  In  the  example  in 
“d”  below,  W1AW  is  the  station  of  origin,  that  call  being 
the  one  assigned  the  station  at  the  national  headquarters  of 
the  League. 

(c)  Every  word  and  numeral  in  the  text  of  a  message 
counts  in  the  check.  Full  information  on  checking  messages 
is  given  later  in  this  chapter. 

(d)  The  “place  of  origin”  refers  to  the  name  of  the  city 
from  which  the  message  was  started.  If  a  message  is  filed  at 
League  Headquarters  by  someone  in  West  Hartford,  Conn., 
the  preamble  reads  Nr  457  W1AW  ck  21  West  Hartford 
Conn  8R57  p  June  11,  etc . 

If  a  message  is  sent  to  your  radio  station  by  mail  the  pre¬ 
amble  shows  the  place  of  origin  as  the  town  where  the  mes¬ 
sage  came  from.  If  a  message  was  filed  at  A.R.R.L.  Head¬ 
quarters  and  if  it  came  by  mail  from  Wiscasset,  Maine,  the 
preamble  would  run  like  this  to  avoid  confusion:  Hr  msg 
nr  457  W1AW  ck  21  Wiscasset  Maine  8R57  p  June  11,  etc . 

(e)  The  time  filed  is  the  time  at  which  the  message  is 
received  at  the  station  for  transmission.  “  NFT "  in  a  pre¬ 
amble  means  no  filing  time. 

(f)  Every  message  shall  bear  a  "date”  and  this  date  is 
transmitted  by  each  station  handling  the  message.  The  date 
is  the  “day  filed”  at  the  originating  station  unless  otherwise 
specified  by  the  sender. 

(g)  The  “  address  ”  refers  to  the  name,  Street  and  number, 
city,  state,  and  telephone  number  of  the  party  to  whom  the 
message  is  being  sent.  A  very  complete  address  should  always 
be  given  to  insure  delivery.  When  accepting  messages  this 
point  should  be  stressed.  In  transmitting  the  message 
the  address  is  followed  by  a  doublé  dash  or  break  sign 
( —  •  *  *  —  )  and  it  always  precedes  the  text. 

(h)  The  “text”  consists  of  the  words  in  the  body  of  the 

message.  No  abbreviations  should  ever  be  substituted  for 
the  words  in  the  text  of  the  message.  The  text  follows  the 
address  and  is  set  off  from  the  signature  by  another  break 
(— - ;). 

(i)  The  “signature”  is  usually  the  name  of  the  person 
sending  the  message.  When  no  signature  is  given  it  is  cus- 
tomary  to  include  the  words  “no  sig”  at  the  end  of  the 
message  to  avoid  confusion  and  misunderstanding.  When 
there  is  a  signature,  it  follows  the  break;  the  abbreviation 
“ sig”  is  not  transmitted. 

The  presence  of  unnecessary  capital  letters, 
periods,  commas  or  other  marks  of  punctua- 
tion  may  alter  the  meaning  of  a  text.  For  this 
reason  commercial  communication  companies 
use  a  shiftless  typewriter  (capitals  only).  The 
texts  of  messages  are  typed  in  block  letters 
(all  capitals)  devoid  of  pvnctuation,  underlining 
and  paragraphing,  except  where  ezpressed  in 
words.  In  all  communication  work,  accuracy  is 


of  first  importance.  Spell  out  figures  and  punc- 
tuation. 

Numbering  Messages 

Use  of  a  “number  sheet”  or  consecutive  list 
of  numbers  enables  any  operator  to  teil  quickly 
just  what  number  is  “next.”  Numbers  may 
be  crossed  off  as  the  messages  are  <  filed  for 
origination.  Another  method  of  use  consists 
of  filing  messages  in  complete  form  except  for 
the  number.  Then  the  list  of  numbers  is  con- 
sulted  and  numbers  assigned  as  each  message 
is  sent.  As  the  operator  you  work  acknowledges 
(QSLs)  each  message  cross  off  the  number  used 
and  note  the  call  of  the  station  and  the  date 
opposite  this  number. 

The  original  number  supplied  each  message 
by  the  operator  at  the  originating  station  is 
transmitted  by  each  station  handling  the  mes¬ 
sage.  No  new  numbers  are  given  the  message 
by  intermediate  stations. 

Checking  Traffic  —  The  Land  Line  Check 

The  A.R.R.L.  check  is  the  land  line  or 
“text-only”  count,  consisting  of  the  count  of 
only  the  words  in  the  body  or  text  of  the  mes¬ 
sage.  It  is  quicker  and  easier  to  count  in  this 
fashion  than  to  use  the  cable  count  of  words  in 
address,  text  and  signature  check  which  is  fol¬ 
lowed  in  marine  operating  work,  this  simplifi- 
cation  being  the  reason  for  its  adoption.  When 
in  the  case  of  a  few  exceptions  to  the  basic  rule 
in  land  line  checking,  certain  words  in  address, 
signature  or  preamble  are  counted,  they  are 
known  as  extra  words,  and  all  such  are  so 
designated  in  the  check  right  after  the  total 
number  of  words. 

Counting  Words  in  Messages 

The  check  includes:  (1)  all  words,  figures  and 
letters  in  the  body,  and  (2)  the  following  extra 
words: 

(a)  Signatures  except  the  first,  when  there 
are  more  than  one  (a  title  with  signature  does 
not  count  extra;  but  an  address  following  a 
signature  does). 

(b)  Words  “report  delivery,”  or  “rush”  in 
the  check. 

(c)  Alternative  names  and/or  Street  ad- 

dresses,  and  such  extras  as  “personal”  or 
“attention - .” 

Examples :  “  Mot  her,  Father,  James  and 
Henry”  is  a  family  signature,  no  names 
counted  extra.  “John  Brown,  Second  Lieu- 
tenant”  or  “Richard  Johnson,  Secretary  Al- 
bany  Auto  Club”  are  each  one  signature  with 
no  words  counted  as  extra.  An  official  title  or 
connection  is  part  of  one  signature,  not  extra. 
“Technical  Department,  Lamb,  Grammer  and 
Mix”  as  a  signature  would  count  three  extra 
words,  those  italicized  after  the  first  name 
counting  as  extras.  The  check  of  a  message 
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with  ten  words  text  and  three  such  extras  in 
the  signature  would  be  “CK  13  3  extra.” 

Dictionary  words  in  most  languages  count 
as  one  word  irrespective  of  length  of  the  word. 
In  counting  figures,  a  group  of  five  digits  or 
less  will  count  as  one  word.  Bars  of  division  and 
decimal  points  may  constitute  one  or  more  of 
the  digits  in  such  a  group.  It  is  recommended 
that,  where  feasible,  words  be  substituted  for 
figures  to  reduce  the  possibility  of  error  in 
transmission.  Detailed  examples  of  word 
counting  are  about  as  difficult  in  one  system  of 
count  as  another. 

Count  as  words  dictionary  words  taken  from 
English,  German,  French,  Spanish,  Latin, 
Italian,  Dutch  and  Portuguese  languages; 
initial  letters,  surnames  of  persons,  names  of 
countries,  cities  and  territorial  subdivisions. 
Abbreviations  as  a  rule  should  be  used  only  in 
service  messages.  Complete  spelling  of  words 
is  one  way  to  avoid  error.  Contractions  such 
as  “don’t”  should  be  changed  to  “do  not.” 
Examples: 


Emergency  (Engliah  dictionary) .  1  word 

Nous  arriverrons  dimanche  (French  dictionary) .  .  3  worda 

DeWitt  (surname) .  1  word 

E. L.B.D.  (initiala) .  4  words 

United  States  (country) . .  1  word 

President  Hoover  (steamship) .  1  word 

Prince  Wiliiam  Sound .  3  words 

M.S.  City  of  Belgrade  (motor  ship) .  2  words 

EXCEPTIONS 

A.M.,  P.M .  1  word 

F. O.B.  (or  fob) .  1  word 

O.K .  1  word 

Per  cent  (or  percent) .  1  word 


The  best  practice  is  to  spell  out  all  such  when 
it  is  desired  to  send  them  in  messages.  In 
groups  consisting  of  letters  and  figures  each 
letter  and  figure  will  count  as  one  word.  The 
one  exception  to  this  is  that  amateur  call  sig- 
nals  sent  as  a  group  count  as  one  word.  In  ordi- 
nal  numbers,  affixes  d,  nd,  rd,  st,  and  th  count 
as  one  word.  Abbreviations  of  weights  and 
measures  in  common  use  count  as  one  word 
each.  Examples: 


10  000  000  (figures) .  2  words 

Ten  millions  (dictionary  words) .  2  words 

5348  (figures) .  1  word 

67.98  (figures) .  1  word 

64A2 .  1  word 

45)4  (figures  and  bar  of  division) .  1  word 

3rd  (ordinal  number  and  affix) .  2  words 

W1BDI .  1  word 


Groups  of  letters  which  are  not  dictionary 
words  of  one  of  the  languages  enumerated,  or 
combinations  of  such  words  will  count  at  the 
rate  of  five  letters  or  fraction  thereof  to  a  word. 
In  the  case  of  combinations  each  dictionary 
word  so  combined  will  count  as  a  word.  In 
addition  USS  USCG,  etc.,  written  and  sent  as 
compact  letter-groups  count  as  one  word. 
Examples: 


Tyffa  (artificial  5  letter  group) .  1  word 

Adccol  (arüficial  6  letter  group) .  2  words 

allright,  alright  (improperly  combined) ........  2  words 

Dothe  (improperly  combined) .  2  words 

ARRL .  1  word 


At  the  request  of  sender  the  words  “report 
back  delivery  ”  asking  for  a  service  showing 
success  or  failure  in  delivering  at  the  terminal 
station,  may  be  mserted  after  the  check  of 
“rush”  or  “get  answer”  similarly,  such  words 
counting  as  extras  in  the  group  or  check  desig- 
nation  as  just  covered  by  example.  “Phone” 
or  “Don’t  Phone”  or  other  sender’s  instruc- 
tions  in  the  address  are  not  counted  as  extra 
words.  In  transmitting  Street  addresses  where 
the  words  east,  west,  north  or  south  are  part  of 
the  address,  spell  out  the  words  in  full.  Suffixes 
“th,”  “nd,”  “st,”  etc.,  should  not  be  trans- 
mitted.  Example:  Transmit  “19  W  9th  St” 
as  “19  West  9  St.”  “F  St  NE”  should  be  sent, 
“F  St  Northeast.”  When  figures  and  a  decimal 
point  are  to  be  transmitted,  add  the  words 
CNT  DOT  in  the  check. 

Isolated  characters  each  count  as  one  word. 
Words  joined  by  a  hyphen  or  apostrophe  count 
as  separate  words.  Such  words  are  sent  as  two 
words,  without  the  hyphen.  A  hyphen  or 
apostrophe  each  counts  as  one  word.  However, 
they  are  seldom  transmitted.  Two  quotation 
marks  or  parenthesis  signs  count  as  one  word. 
Punctuation  is  never  sent  in  radio  messages 
except  at  the  express  command  of  the  sender. 
Even  then  it  is  spelled  out. 

Here  is  an  example  of  a  plain  language  mes¬ 
sage  in  correct  A.R.R.L.  form  carrying  the 
land  line  check: 

NR  601  W1AW  CK  9  WEST  HARTFORD  CONN 
1R15P  OCT  28 

ALL  RADIO  HAMS 
9  COMPLETE  ADR  ST 
ANYCITY  USA 

ALL  AMATEURS  ARE  REQUESTED  TO  FOLLOW 
STANDARD  ARRL  FORM 

HANDY  ARRL  CM 

Message  handling  is  one  of  the  major  things 
that  lies  in  our  power  as  amateurs  to  do  to 
show  our  amateur  radio  in  a  respected  light, 
rather  than  from  a  novelty  standpoint.  Regard- 
less  of  experimental,  QSL-collecting,  friendly 
ragchews,  and  DX  objectives,  we  doubt  if  the 
amateur  exists  who  does  not  want  to  know 
how  to  phrase  a  message,  how  to  put  the  pre- 
amble  in  order,  how  to  communicate  wisely 
and  well  when  called  upon  to  do  so.  Scarcely  a 
month  passes  but  what  some  of  us  in  some 
section  of  our  A.R.R.L.  are  called  upon  to  add 
to  the  communication  service  record  of  the 
amateur. 

It  is  important  that  deliveries  be  made  in 
business-like  fashion  to  give  the  best  impres- 
sion,  and  so  that  in  each  case  a  new  friend 
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and  booster  for  amateur  radio  may  be  won. 
Messages  should  be  typed  or  neatly  copied, 
preferably  on  a  Standard  blank,  retaining 
original  for  the  F.C.C.  station  file  where  these 
are  mailed.  The  designation  and  address  of  the 
delivering  station  should  be  plainly  given  so  a 
reply  can  be  made  by  the  same  route  if  desired. 

For  those  who  would  disparage  some  mes¬ 
sage  texts  as  unimportant,  perhaps  a  reminder 
is  in  order  that  in  the  last  analysis  it  is  not  the 
importance  to  the  ham  that  handles  it  that 
counts,  but  the  importance  to  the  party  that 
sends  and  the  party  that  receives  a  message. 

The  individual  handling  of  traffic  in  quanti- 
ties  small  as  well  as  large  is  to  a  very  great 
extent  the  material  that  we  amateurs  use  for 
developing  our  operating  ability,  for  organizing 
our  relay  lines,  for  making  ourselves  such  a 
very  valuable  asset  to  the  public  and  our  coun¬ 
try  in  every  Communications  emergency  that 
comes  along,  not  to  mention  the  individual 
utility  and  service  performed  by  each  message 
passed  in  normal  amateur  Communications. 

For  those  “  breaking-in  ”  may  we  say 
that  any  O.R.S.,  Trunkliner  or  experienced 
A.R.R.L.  traffic  handler  will  be  very  pleased 
to  answer  your  questions  and  give  additional 
pointers  both  in  procedure  and  concerning 
your  station  set-up  to  help  you  make  yours  a 
really  eSective  Communications  set-up.  Since 
experience  is  the  only  real  teacher  we  conclude 
by  suggesting  to  all  and  sundry  that  becoming 
proficient  in  any  branch  of  the  game  is  partly 
just  a  matter  of  practice.  Start  a  few  messages, 
to  get  accustomed  to  the  form.  Check  some 
messages  to  become  familiar  with  the  official 
A.R.R.L.  (land  line)  check.  You  will  find  in- 
creased  enjoyment  in  this  side  of  amateur  radio 
by  adding  to  your  ability  to  perform;  by  your 
familiarity  with  these  things  the  chance  of 
being  able  to  serve  your  community  or  country 
in  emergency  will  be  greater.  Credit  will  be 
reflected  on  amateur  radio  as  a  whole  thereby. 

Originating  Traffic 

Messages  to  other  amateurs  are  a  natural 
means  of  exchanging  comment  and  maintain- 
ing  friendships.  The  simplest  additional  way  to 
get  messages  is  to  offer  to  send  a  few  for  friends, 
reminding  them  that  the  message  service  is 
free  and  no  one  can  be  held  responsible  for 
delay  or  non-delivery.  Wïde-awake  amateurs 
have  distributed  message  blanks  to  tourist 
camps.  Lots  of  good  traffic  has  been  collected 
through  a  system  of  message-collection  boxes 
placed  in  public  buildings  and  hospitals.  A 
neatly  typed  card  should  be  displayed  near-by 
explaining  the  workings  of  our  A.R.R.L. 
traffic  organization,  and  listing  the  points  to 
which  the  best  possible  service  can  be  given. 

Messages  that  are  not  complete  in  every 
respect  should  not  be  accepted  for  relaying. 


Complete  address  on  every  message  is  impor¬ 
tant. 

To  properly  represent  amateur  radio,  pla- 
cards  when  used  should  avoid  any  possible  con- 
fusion  with  telegraph  and  cable  services.  Any 
posters  should  refer  to  AMATEUR  RADIO- 
GRAMS.  and  explain  that  messages  are  sent 
through  AMATEUR  RADIO  STATIONS,  as  a 
HOBBY,  FREE,  without  cost  (since  amateurs 
can’t  and  will  not  accept  compensation).  The 
exact  conditions  of  the  service  should  be 
stated  or  explained  as  completely  as  possible, 
including  the  fact  that  there  is  NO  GUARAN- 
TEE  OF  DELIVERY.  The  individual  in  charge 
of  the  station  has  full  powers  to  refuse  any 
traffic  unsuitable  for  radio  transmission,  or 
addressed  to  points  where  deliveries  cannot  be 
made.  Relaying  is  subject  to  radio  conditions 
and  favorable  opportunity  for  contacting. 
Better  service  can  be  expected  on  15-word 
texts  of  apparent  importance  than  on  extremely 
long  messages.  Traffic  should  not  be  accepted 
for  “all  over  the  world.” 

Careful  planning  and  organized  schedules 
are  necessary  if  a  real  job  of  handling  traffic  is 
to  be  done.  Advance  schedules  are  essential  to 
assist  in  the  distribution  of  messages.  It  may 
be  possible  to  Schedule  stations  in  cities  to 
which  you  know  quantities  of  messages  will  be 
filed.  Distribute  messages,  in  the  proper  direc- 
tions,  widely  enough  so  that  a  few  outside 
stations  do  not  become  seriously  overbur- 
dened.  Operators  must  route  traffic  properly 
—  not  merely  aim  to  “clear  the  hook.” 

It  is  better  to  handle  a  small  or  moderate 
volume  of  traffic  well  than  to  attempt  to  break 
records  in  a  manner  that  results  in  delayed 
messages,  non-deliveries,  and  the  like  which 
certainly  cannot  help  in  creating  any  public 
good-will  for  amateur  radio. 

Whatever  type  of  exhibit  is  planned,  write 
A.R.R.L.  in  advance,  in  order  to  receive  sam¬ 
ple  material  to  make  your  amateur  booth 
more  complete.  A  portable  station  can  be  in- 
stalled  and  operated,  by  an  already  licensed 
amateur  subject  to  F.C.C.  notification  of  loca- 
tion,  etc.,  as  provided  by  regulations.  No 
license  coverage  is  needed  if  no  station  is  op¬ 
erated,  of  course. 

Relay  Procedure 

Messages  shall  be  relayed  to  the  station 
nearest  the  location  of  the  addressee  and  over 
the  greatest  distance  permitting  reliable  com- 
munication. 

No  abbreviations  shall  be  substituted  for  the 
words  in  the  text  of  a  message  with  the  excep- 
tion  of  “service  messages,”  to  be  explained. 
Delivering  stations  must  be  careful  that  no 
confusing  abbreviations  are  written  into  de- 
livered  messages. 

Sending  “words  twice”  is  a  practice  to 
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avoid.  Use  it  only  when  expressly  called  for  by 
the  receiving  operator  when  receiving  condi- 
tions  are  poor. 

Messages  shall  be  transmitted  as  many  as 
three  times  at  the  request  of  the  receiving  op¬ 
erator.  Failing  to  make  a  complete  copy  after 
three  attempts,  the  receiving  operator  shall 
cancel  the  message  (QTA). 

Agreement  to  handle  (relay  or  deliver)  a 
message  properly  and  promptly  is  always 
tacitly  implied  in  accepting  traffic.  When 
temporarily  not  in  a  position  to  so  handle,  it  is 
a  service  to  amateur  radio  and  your  fellow  ham 
to  courteously  refuse  a  message. 

An  operator  with  California  traffic  does  not 
hear  any  western  stations  so  he  decides  to  give 
a  directional  “CQ”  as  per  A.R.R.L.  practice. 
He  calls,  CQ,  CALIF  CQ  CALIF  DE  W1INF 
WlINF  W1INF,  repeating  the  combination 
three  times. 

He  listens  and  hears  W9CXX  in  Cedar 
Rapids  calling  him,  WlINF  WlINF  WlINF 
DE  W9CXX  W9CXX  W9CXX  AR. 

Then  he  answers  W9CXX  indicating  that 
he  wishes  him  to  take  the  message.  WlINF 
says  W9CXX  W9CXX  DE  WlINF  R  QSP 
MILL  VALLEY  CALIF  NE  AR  SF?  K. 

After  W9CXX  has  given  him  the  signal  to 
go  ahead,  the  message  is  transmitted,  thus: 

HR  MSG  NR  78  WlINF  CK15  WEST  HARTFORD 
CONN  NFT  (for  “no  fiiing  time”)  NOV  18 

ALAN  D  WHITTAKER  JR  W6SG 
79  ELINOR  AVE 
MILL  VALLEY  CALIF 

SUGGEST  YOU  USE  ARRL  TRUNK  LINE  K 
THROUGH  W5NW  TO  HANDLE  PROFOSED  VOL¬ 
UME  TRAFFIC  REGARDS 

BUBB  W1JTD 

W9CXX  acknowledges  the  message  like 
this:  WlINF  DE  W9CXX  NR  78  R.  K.  Not 
a  single  R  should  be  sent  unless  the  whole  mes¬ 
sage  has  been  correctly  received. 

Full  handling  data  is  placed  on  the  message 
for  permanent  record  at  W1 JNF.  The  operator 
at  W9CXX  has  now  taken  full  responsibility 
for  doing  his  best  in  forwarding  the  message. 

Fixed  Text  Messages  —  ARL  Check 

To  start  a  fixed  text  message,  the  originator 
must  select  one  of  the  texts  from  a  list.  The 
amateur  starting  the  message  sends  the  number 
corresponding  to  that  particular  text  instead  of 
the  text.  The  letters  ARL  (short  for  American- 
Radio-Relay-League-numbered-text-to-follow) 
must  be  placed  before  the  figures  of  the  check 
to  show  that  the  text  is  from  our  particular 
numbered  text  list.  “ARL”  identifies  this  at 
once  as  a  message  that  has  to  be  expanded  for 
delivery  or  relaying  to  a  station  that  has  no  list 
(to  have  complete  understanding  and  avoid 
error).  In  radio  handling  the  number  must  al¬ 
ways  be  spelled  out,  for  accuracy. 


The  new  list  of  “A.R.R.L.  Numbered  Radio- 
grams”  is  in  the  possession  of  every  member  of 
the  League’s  Emergency  Corps,  and  every 
O.R.S.,  O.P.S.,  and  field  organization  official. 
The  list  of  fixed  texts  was  prepared  mainly 
with  possible  emergency  needs  and  utility  in 
mind ;  it  is  a  special  tooi  for  special  occasions. 
It  may  be  used  only  when  stations  at  each  end 
of  a  QSO  are  equipped  with  exactly  similar 
lists.  Extra  precautions  to  insure  accuracy  are 
necessary  when  using  a  number  for  a  text; 
every  message  delivered  or  relayed  to  a  station 
not  having  a  list  must  be  completely  expanded. 

The  new  list  of  sixty  texts  will  be  sent  free  of 
charge  to  anyone  requesting  it  by  sending  a 
radiogram  asking  for  it.  We  want  the  list  to  be 
available  to  anyone  active  in  amateur  traffic 
handling  or  likely  to  have  a  use  for  it.  We  shall 
continue  to  recommend  the  use  of  individuolly 
worded  messages  instead  of  any  stereotyped 
form  in  every  case  possible.  Use  “numbered 
texts”  with  caution,  only  with  other  operators 
with  experience  and  similar  lists.  But  all  sta¬ 
tions  might  well  keep  a  copy  of  the  new  list 
ready  in  the  station  log. 

Example:  NR1  WlAW  CK  ARLl  Newington  Conn 
March  2  (Address)  BT  THREE  BT  John  AR 

“  ARL?  ”  can  readily  be  understood  to  mean, 
“Do  you  have  the  list  of  A.R.R.L. -Numbered 
Radiograms,  and  are  you  ready  for  such  a 
message,”  “ARL”  (reply)  then  means,  “I 
have  the  A.R.R.L. -Numbered  Radiogram  list. 
I  am  ready  for  such  a  message.” 

A  list  of  the  texts  applicable  to  possible 
relief-emergency  uses  follows: 


ONE  All  safe.  Do  not  be  concerned  about 

disaster  reports. 

TWO  Coming  home  as  soon  as  possible. 

THREE  Am  perfectly  all  right.  Don’t  worry. 

FOUR  Everyone  safe  here.  Only  slight  property 

damage. 

FIVE  All  well  here.  Love  to  folks. 

SIX  Everyone  safe,  writing  soon. 

*SEVEN  Reply  by  amateur  radio. 

EIGHT  All  safe,  writing  soon,  love. 

NI  NE  Come  home  at  once. 

TEN  Will  be  home  as  soon  as  conditions 

permit. 

ELEVEN  Cannot  get  home.  Am  perfectly  all  right. 

Will  be  home  aa  soon  as  conditions 
permit. 

♦TWELVE  Are  you  safe?  Anxious  to  hear  from  you. 

♦THIRTEEN  Is . safe?  Anxious  to  hear. 

♦FOURTEEN  Anxious  to  know  if  everything  is  OK. 
Please  advise. 

♦FIFTEEN  ,  Advise  at  once  if  you  need  help. 
♦SIXTEEN  Please  advise  your  condition. 


♦SEVENTEEN  Kindly  get  in  touch  with  us. 

♦EIGHTEEN  Please  contact  me  as  soon  as  possible 
(at . ). 

None  of  these  numbered-text  messages 
should  be  handled  in  the  Jirst  stages  of  any  gen- 
eral  emergency.  Those  marked  above  with  an 
asterisk  (*)  should  never  be  solicited  during  an 
emergency,  since  experience  shows  that  such 
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inquiry  traffic  going  into  an  emergency  area 
ordinarily  oannot  be  delivered  while  the  emer¬ 
gency  still  exists.  Concentration  must  be  on 
traffic  going  out  of  an  emergency  area. 

Never  forget  to  put  “ARL”  in  the  check  — 
or  the  delivering  station  will  deliver  a  “num- 
ber”  instead  of  the  words  it  stands  for.  From 
the  table  we  see  that  the  text  in  the  example 
must  be  completely  written  out  as  AM  PER- 
FECTLY  ALL  R1GHT.  DON’T  WORRY. 
when  it  is  delivered,  or  transmitted  to  any 
station  without  a  list,  or  that  cannot  make 
affirmative  response  to  “ARL?” 

Getting  Fills 

If  the  first  part  of  a  message  is  received  but 
substantially  all  of  the  latter  portions  lost,  the 
request  for  the  missing  parts  is  simply  RPT 
TXT  AND  SIG,  meaning  “Repeat  text  and 
signature.”  PBL  and  ADR  may  be  used  sim- 
ilarly  for  the  preamble  and  address  of  a 
message.  RPT  AL  or  RPT  MSG  should  not  be 
sent  unless  nearly  all  of  the  message  is  lost. 

Each  abbreviation  used  after  a  question 
mark  (  '  •  —  —  •  • )  asks  for  a  repetition  of 
that  particular  part  of  a  message. 

When  a  few  word-groups  in  conversation  or 
message  handling  have  been  missed,  a  selection 
of  one  or  more  of  the  following  abbreviations 
will  enable  you  to  ask  for  a  repeat  on  the  parts 
in  doubt.  ’Phone  stations  of  course  request  fills 
by  using  the  full  wording  specified,  without 
attempt  at  abbreviation. 


Abbreviation  Meaning 


?AA .  Repeat  all  after . 

?  AB .  Repeat  all  bef  ore . 

?AL .  Repeat  all  that  has  been  sent 

?BN. .  .AND .  Repeat  all  bet  ween.  .and. . . . 

?WA .  Repeat  the  word  after . 

?WB .  Repeat  the  word  bef  ore . 


The  good  operator  will  ask  for  only  what  fills 
are  needed,  separating  different  requests  for 
repetition  by  using  the  break  sign  or  doublé 

dash  ( - •  •  —  )  between  these  parts.  There  is 

seldom  any  excuse  for  repeating  a  whole  mes¬ 
sage  just  to  get  a  few  lost  words. 

Another  interrogation  method  is  sometimes 

used,  the  question  signal  (  •  • - )  being 

sent  between  the  last  word  received  correctly 
and  the  first  word  (or  first  few  words)  received 
after  the  interruption.  RPT  FROM  . 

TO  ...  .  is  a  long  way  of  asking  for  fills 
which  we  have  heard  used  by  beginners. 

The  figure  four  ( - —  )  is  a  time-sav- 

ing  abbreviation  which  deserves  popularity 
with  traffic  men.  It  is  another  of  those  hybrid 
abbreviations  whose  original  meaning,  “Please 
start  me,  where?”  has  come  to  us  from  Morse 
practice.  Of  course  ?AL  or  RPT  AL  will  serve 
the  same  purpose,  where  a  request  for  a  repeti¬ 
tion  of  parts  of  a  message  has  been  missed. 


Delivering  Messages 

Provisions  oj  the  Radio  Act  of  1934  make  it  a 
misdemeanor  to  give  out  information  of  any  sorl 
to  any  person  except  the  addressee  of  a  message. 
It  is  in  no  manner  unethical  to  deliver  an  un- 
official  copy  of  a  radiogram,  if  you  carefully 
mark  it  duplicate  or  unofficial  copy  and  do  it  to 
improve  the  speed  of  handling  a  message  or  to 
insure  certain  and  prompt  delivery.  Do  not 
forget  that  there  are  heavy  fines  prescribed  by 
Federal  laws  for  divulging  the  contents  of  mes¬ 
sages  to  anyone  except  the  person  addressed  in 
a  message. 

When  it  is  possible  to  deliver  messages  in 
person,  that  is  usually  the  most  effective  way. 
When  the  telephone  does  not  prove  instrumen- 
tal  in  locating  the  party  addressed  in  the  mes¬ 
sage  it  is  usually  quickest  to  mail  the  message. 

A.R.R.L.  delivery  rules: 

Messages  received  by  stations  shall  be  delivered 
immediately. 

Every  domestic  message  shall  be  relayed  within 
forty-eight  (48)  hours  after  receipt  or  if  it  cannot 
be  relayed  within  this  time  shall  be  mailed  to  the 
addressee. 

Messages  for  points  outside  Norlh  America 
must  not  be  held  longer  than  half  the  length  of 
time  required  for  them  to  reach  their  destination 
by  mail. 

When  a  message  cannot  be  delivered,  or  if  it 
is  unduly  delayed,  a  “service”  message  should 
be  written  and  started  back  to  the  “office  of 
origin.” 

Each  operator  who  reads  these  pages  is 
asked  to  assume  personal  responsibility  for 
accuracy,  speed  of  each  message  handled  and 
delivery  that  we  may  approach  a  100%  delivery 
figure. 

The  Service  Message 

A  service  message  is  a  message  sent  by  one 
station  to  another  station  relating  to  the  serv¬ 
ice  which  we  are  or  are  not  able  to  give  in 
message  handling.  The  service  message  may 
refer  to  non-deliveries,  to  delayed  transmis- 
sion,  errors,  or  to  any  phase  of  message  han¬ 
dling  activity.  It  is  not  proper  to  abbreviate 
words  in  the  texts  of  regular  messages,  but  it 
is  quite  desirable  and  correct  to  use  abbrevia¬ 
tions  in  these  station-to-station  messages 
relating  to  traffic-handling  work.  Example: 

HR  SVC  NR  291  W3CA  CK  XX  ROANOKE  VA  NFT 
AUG  19 

L  C  MAYBEE  W7GE 
110  SOUTH  SEVENTH  AVE 
PASCO  WASHN - 

UR  NR  87  AUG  17  TO  CUSHING  SIG  BOB  HELD 
HR  UNDLD  PSE  GBA - - 

WOHLFORD  W3CA 
Counting  Messages 

To  compare  the  number  originated  and 
delivered  each  month  to  learn  some  facts  about 
the  “efficiency”  of  our  work  in  handling  mes- 
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A.R.R.L. —  AMERICAN  RED  CROSS 
UNDERSTANDING 

The  purpoee  of  this  understanding  between  the 
American  Red  Cross  and  the  American  Radio 
Rclay  League  is  to  secure  maximum  co-operation 
in  time  of  disaster.  The  Board  of  Directors  of  the 
American  Radio  Relay  League  at  its  meeting  June 
1,  1940,  considered  the  relationships  of  the  Amer¬ 
ican  amateur  radio  fraternity  with  the  American 
Red  Cross  in  time  of  disasters  involving  disruption 
of  communication. 

The  American  Radio  Relay  League  recognizes 
the  American  Red  Cross  as  the  agency  chartered 
by  Congress  to  represent  the  American  people  in 
carrying  on  disaster  relief  and  therefore  as  the 
primary  agency. 

The  American  Red  Cross  recognizes  that  the 
amateur  radio  service,  because  of  its  exeellent 
geographical  station  coverage,  and  especially  the 
available  stations  possessing  emergency  power 
supply,  can  render  valuable  aid  in  re-establishing 
communication  when  other  facilities  have  been 
disrupted. 

The  American  Red  Cross  welcomes  the  co-opera¬ 
tion  of  the  American  Radio  Relay  League  with 
local  Red  Cross  chapters  to  extend  radio  planning 
into  chapter  jurisdictions  and  to  correlate  amateur 
radio  operations  to  assure  the  best  possible  Com¬ 
munications  by  such  facilities.  This  co-operation 
with  American  Red  Cross  chapters  may  be  fur- 
thered  by  individual  chapters'  designation  of  an 
American  Radio  Relay  League  Emergency  Co¬ 
ördinator  to  serve  as  a  member  of  the  Red  Cross 
Chapter  Sub-Committee  on  Transportation  and 
Communication  as  recommended  in  the  Chapter 
Disaster  Preparedness  &  Relief  Manual,  ARC  209. 


sages,  a  method  of  counting  is  used.  Each  time 
a  message  is  handled  by  radio  it  counts  one  in 
the  total. 

A  message  received  in  person,  by  telephone, 
by  telegraph,  or  by  mail,  filed  at  the  station  and 
transmitted  by  radio  in  proper  form,  counts  as 
one  originated. 

A  message  received  by  radio  and  delivered  in 
person,  by  telephone,  telegraph,  or  mail,  counts 
as  one  delivered. 

A  message  received  by  radio  and  sent  forward 
by  radio  counts  as  two  messages  relayed  (one 
when  received  and  again  one  when  sent  for¬ 
ward). 

A  “service  ”  message  counts  the  same  as  any 
other  type  of  message. 

In  addition  to  the  basic  count  of  one  for 
each  time  a  message  is  handled  by  radio,  an 
extra  credit  of  one  point  for  each  delivery  made 
by  mail,  telephone,  in  person,  by  messenger 
or  other  external  means  other  than  use  of 
radio  (which  would  count  as  a  “relay”  of 
course)  will  also  be  allowed.  A  message  received 
by  an  operator  for  himself  or  his  station  or 
party  on  the  immediate  premises  counts  only 
“one  delivered.”  A  message  for  a  third  party 
delivered  by  additional  means  or  effort  will 
receive  a  point  under  “extra  delivery  credits.” 


The  message  total  shall  be  the  si m  of  the  mes¬ 
sages  originated,  delivered  and  relayed  and 
the  “extra”  delivery  credits.  Each  station’s 
message  file  and  log  shall  be  used  to  determine 
the  report  submitted  by  that  particular 
station.  Messages  with  identical  texts  (so- 
called  rubber-stamp  messages)  shall  count 
once  only  for  each  time  the  complete  text,  pre- 
amble  and  signature  are  sent  by  radio. 

League  Opera ting  Organization 

Your  A.R.R.L.  arranges  amateur  operat- 
ing  activities,  promotes  preparation  and  or¬ 
ganization  for  Communications  emergencies, 
establishes  procedure  to  aid  efficiënt  operation, 
encourages  good  operating  and  maintains  a 
strong  field  organization.  The  Communications 
Department  of  the  League  is  concerned  with 
the  practical  operation  of  stations  in  all 
branches  of  amateur  activity.  Appointments 
and  awards  are  available  for  rag  chewer, 
’phone  operator,  traffie  enthusiast  and  DX 
man.  Tt  is  the  League’s  policy  to  benefit  each 
group  concerned  along  lines  of  natural  interest. 
All  activities  have  specific  objectives  with 
widest  participation  invited.  This  insures  max¬ 
imum  fun  and  benefit  to  the  whole  frater¬ 
nity. 

Whether  your  activity  is  directed  toward 
’phone  or  telegraph,  there  is  a  place  for  you  in 
League  organization. 

We  live  in  an  age  of  specialization,  and 
A.R.R.L.  appointees  specialize  in  particular 
branches  of  amateur  operation  for  which  they 
have  special  interest,  aptitude  or  equipment. 
The  voluntary  acceptance  of  organization  ap- 
pointment  carries  prestige.  It  is  a  symbol  of 
the  mature,  serious,  accomplished  amateur. 
Appointment  also  entitles  the  individual  to 
certain  bulletins  that  carry  the  first  facts  on 
new  items  of  legislation  and  regulation  as  well 
as  reports  on  activity  and  operating  announce- 
ments.  Every  amateur  should  aim  to  become 
and  remain  a  member  of  the  League,  and  take 
an  active  part  in  his  society  and  field  organiza¬ 
tion  work.  There  is  fun  and  profit  in  doing 
this. 

Complete  information  on  all  appointments 
and  League  awards  for  working  all  states 
(WAS),  working  all  countries  (WAC),  the  DX 
Century  Club,  etc.,  is  included  in  the  booklet, 
“  Operating  an  Amateur  Radio  Station.”  Mem- 
bers  of  the  League  may  obtain  a  copy  free 
upon  request;  to  others,  a  charge  of  10  cents  is 
made. 
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44 Q"  Code  —  Abbreviations  —  Country  List  — 

Amateur  Regulations 

In  the  regulations  accompanying  the  existing  International  Radiotelegraph  Convention 
there  is  a  very  useful  internationally-agreed  code  designed  to  meet  major  needs  in  interna¬ 
tional  radio  communication.  This  code  follows.  The  abbreviations  themselves  have  the  meanings 
shown  in  the  “answer”  column.  When  an  abbreviation  is  followed  by  an  interrogation  mark  (?) 
it  assumes  the  meaning  shown  in  the  “question”  column. 


Abbre¬ 

viation 


Question 


Answer 


QRA  What  ia  the  name  of  your  station? 

QRB  How  far  approximately  are  you  from  my  station? 


QRC 


What  company  (or  Government  Administration) 
eettles  the  accounts  for  your  station? 


QRD 

QRG 

QRH 

QRI 

QRJ 

QRK 

QRL 


Where  are  you  bound  and  where  are  you  from? 
Will  you  teil  me  my  exact  frequency  (wave-length) 
in  kc/e  (or  m)? 

Does  my  frequency  (wave-length)  vary? 

Is  my  note  good? 

Do  you  receive  me  badly?  Are  my  signals  weak? 
What  is  the  legibility  of  my  signals  (1  to  5)? 

Are  you  busy? 


QRM 

QRN 

QRO 

QRP 

QRQ 

QRS 

QRT 

QRU 

QRV 

QRW 

QRX 


Are  you  being  interfered  with? 

Are  you  troubled  by  atmoapherics? 

Shall  I  increase  power? 

Shall  I  decreaae  power? 

Shall  I  send  f aster? 

Shall  I  send  more  slowly? 

Shall  I  stop  sending? 

Have  you  anything  for  me? 

Are  you  ready? 

Shall  I  teil . that  you  are  calling  him  on 

. kc/s  (or . m)? 

Shall  I  wait?  When  will  you  call  me  again? 


QRY 


What  is  my  turn  ? 


QRZ 

QSA 

QSB 

QSD 

OSG 

QSJ 

QSK 

QSL 

QSM 

QSO 

QSP 

QSR 


Wh  o  ia  calling  me? 

What  is  the  strength  of  my  signals  (1  to  5)? 

Does  the  strength  of  my  signals  vary? 

Ia  my  keying  correct;  are  my  signals  distinct? 

Shall  I  send . telegrams  (or  one  telegram) 

at  a  time? 

What  is  the  charge  per  word  for . including 

your  internal  telegraph  charge? 

Shall  I  continue  with  the  transmission  of  all  my 
traffic,  I  can  hear  you  through  my  signals? 

Can  you  give  me  acknowledgment  of  receipt? 

Shall  I  repeat  the  last  telegram  I  sent  you? 

Can  you  communicate  with  ........  direct  (or 

through  the  medium  of . )? 

Will  you  retransmit  to . free  of  charge? 

Has  the  diatress  call  received  from . been 

cleared? 


QSU 

QSV 


Shall  I  send  (or  reply)  on . kc/s  (or  m)  and/ 

or  on  waves  of  Type  Al,  A2,  A3,  or  B? 

Shall  I  send  a  series  of  VVV . ? 


The  name  of  my  station  is . 

The  approximate  distance  between  our  stations 
is  . nautical  miles  (or . kilometers). 

The  accounts  for  my  station  are  settled  by  the 
. company  (or  by  the  Government  Admin¬ 
istration  of . ). 

I  am  bound  for . .  from . 

Your  exact  frequency  (wave-length)  is . kc/s 

(or . m). 

Your  frequency  (wave-length)  varies. 

Y our  note  varies. 

I  cannot  receive  you.  Your  signals  are  too  weak. 

The  legibility  of  your  signals  is  ....  (1  to  5). 

I  am  busy  (or  I  am  busy  with  . ).  Please  do 

not  interfere. 

I  am  being  interfered  with. 

I  am  troubled  by  atmospherics. 

Increase  power. 

Decrease  power. 

Send  faster  ( . words  per  minute). 

Send  more  slowly  (........  words  per  minute). 

Stop  sending. 

I  have  nothing  for  you. 

I  am  ready. 

Please  teil . that  I  am  calling  him  on . 

kc/s  (or . m). 

Wait  (or  wait  until  I  have  finished  communicating 

with . )  I  will  call  you  at . o’clock 

(or  immediately). 

Your  turn  is  No . (or  according  to  any  other 

method  of  arranging  it). 

You  are  being  called  by . 

The  strength.  of  your  signals  is . (1  to  5). 

The  strength  of  your  signals  varies. 

Your  keying  is  incorrect;  your  signals  are  bad. 

Send  .  telegrams  (or  one  telegram)  at  a 

time. 

The  charge  per  word  for . is . francs, 

including  my  internal  telegraph  charge. 

Continue  with  the  transmission  of  all  your  traffic,  I 
will  interrupt  you  if  necessary. 

I  give  you  acknowledgment  of  receipt. 

Repeat  the  last  telegram  you  have  sent  me. 

I  can  communicate  with  ........  direct  (or  through 

the  medium  of . ). 

I  will  retransmit  to .  free  of  charge. 

The  distress  call  received  from  .  has  been 

cleared  by . 

Send  (or  reply)  on . kc/s  (or  .  m) 

and/or  on  waves  of  Type  Al,  A2,  A3,  or  B. 

Send  a  series  of  VW  ........ 
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Aböre- 

viation 

Question 

QSW 

Will  you  send  on  . kc/s  (or  . m) 

and/or  on  waves  of  Type  Al,  A2,  A3,  or  B? 

QSX 

Will  you  listen  for . (call  aign)  on . 

kc/s  (or . m)? 

QSY 

Shall  I  change  to  transmission  on . kc/s  (or 

. m)  without  changing  the  type  of  wave?  or 

Shall  I  change  to  transmission  on  another  wave? 

QSZ 

Shall  I  send  each  word  or  group  twice? 

QTA 

Shall  I  cancel  telegram  No . aa  if  it  had 

not  been  sent? 

OTB 

Do  you  agree  with  my  number  of  words? 

QTC 

How  many  telegrams  have  you  to  send? 

QTE 

What  is  my  true  hearing  in  relation  to  you?  or 

What  is  my  true  bearing  in  relation . (call 

sign)?  or 

What  is  the  true  bearing  of . (call  sign)  in 

relation  to  . (call  sign)? 

QTF 

Will  you  give  me  the  position  of  my  station  accord¬ 
ing  to  the  hearings  taken  by  the  direction-finding 
stations  which  you  control? 

QTG 

Will  you  send  your  call  sign  for  fifty  seconds  fol¬ 
lowed  by  a  dash  of  ten  seconds  on  . . kc/s 

(or  . m)  in  order  that  I  may  take  your 

bearing? 

QTH 

What  is  your  position  in  latitude  and  longitude  (or 
-  by  any  other  way  of  showing  it)? 

on 

What  is  your  true  course? 

QTJ 

What  is  your  speed? 

OTM 

Send  radioelectric  signals  and  submarine  sound  sig¬ 
nals  to  enable  me  to  fix  my  bearing  and  my  dis¬ 
tance. 

QTO 

Have  you  left  doek  (or  port)? 

QTF 

Are  you  going  to  enter  doek  (or  port)? 

QTQ 

Can  you  communicate  with  my  station  by  means 
of  the  International  Code  of  Signals? 

QTR 

What  is  the  exact  time? 

QTU 

What  are  the  hours  during  which  your  station  is 
open? 

QUA 

Have  you  news  of . (call  sign  of  the  mobile 

station)? 

QUB 

Can  you  give  me  in  this  order,  information  concern- 
ing:  visibility,  height  of  clouds,  ground  wind  for 
. (place  of  observation)? 

QUC 

What  is  the  last  message  received  by  you  from 
. (call  sign  of  the  mobile  station)? 

OUD 

Have  you  received  the  urgency  signal  sent  by 

QUF 

Have  you  received  the  distress  signal  sent  by 
. (call  sign  of  the  mobile  station)? 

QUG 

Are  you  being  forced  to  alight  in  the  sea  (or  to  land)? 

QUH 

Will  you  indicate  the  present  barometric  pressure 
at  sea  level? 

QUJ 

Will  you  indicate  the  true  course  for  me  to  follow, 
with  no  wind,  to  make  for  you? 

QUK 

Can  you  teil  me  the  condition  of  the  sea  observed 
at . (place  or  coördinates)? 

QUL 

Can  you  teil  me  the  swell  observed  at  . 

(place  or  coördinates)? 

QUM 

Is  the  distress  traffic  ended? 

Answer 


I  am  going  to  send  (or  I  will  send)  on . kc/a 

(or . m)  and/or  on  waves  of  Type  Al,  A2, 

A3,  or  B. 

I  am  listening  for  .  (call  sign)  oü  . 

kc/s  (or . m). 

Change  to  transmission  on . kc/s  (or . 

m)  without  changing  the  type  of  wave  or 

Change  to  transmission  on  another  wave. 

Send  each  word  or  group  twice. 

Cancel  telegram  No .  as  if  it  had  not  been 

sent. 

I  do  not  agree  with  your  number  of  words;  I  will  re- 
peat  the  flrst  letter  of  cach  word  and  the  first  figure 
of  each  number. 

I  have . telegrams  for  you  (or  for . ). 

Your  true  hearing  in  relation  to  me  is  ....  degrees  or 

Your  true  hearing  in  relation  to . (call  sign) 

is . degrees  at . (time)  or 

The  true  hearing  of  . (call  sign)  in  relation 

to . (call  sign)  is . degrees  at . 

(time). 

The  position  of  your  station  according  to  the  hearings 
taken  by  the  direction-finding  stations  which  I  con- 
trol  is  . latitude . longitude. 

I  will  send  my  call  sign  for  fifty  seconde  followed  by  a 

dash  of  ten  seconds  on  .  . kc/s  (or . 

m)  in  order  that  you  may  take  my  hearing. 

My  position  is . latitude  . longitude 

(or  by  any  other  way  of  showing  it). 

My  true  course  is . degrees. 

My  speed  is . knots  (or . kilometers) 

per  hour. 

I  will  send  radioelectric  signals  and  submarine  sound 
signals  to  enable  you  to  fix  your  hearing  and  your 
distance. 

I  have  just  left  doek  (or  port). 

I  am  going  to  enter  doek  (or  port). 

I  am  going  to  communicate  with  your  station  by 
means  of  the  International  Code  of  Signals. 

The  exact  time  is  . 

My  station  is  open  from . to . 

Here  is  newe  of . (call  sign  of  the  mobile  sta¬ 

tion). 

Here  is  the  information  requested  . 


The  last  message  received  by  me  from .  (call 

sign  of  the  mobile  station)  is . 

I  have  received  the  urgency  signal  sent  by . 

(call  sign  of  the  mobile  station)  at . (time). 

I  have  received  the  distress  signal  sent  by  . 

(call  sign  of  the  mobile  station)  at .  (time). 

I  am  forced  to  alight  (or  land)  at . (place). 


The  present  barometric  pressure  at  sea  level  is 
. (units). 

The  true  course  for  you  to  follow,  with  no  wind,  to 

make  for  me  ia  .  degrees  at  . 

(time). 

The  sea  at . (place  or  coördinates)  is . 

Theswellat . (place  or  coördinates)  is . 

The  distress  traffic  is  ended. 


Special  abbreviations  adopted  by  the  A.R.R.L.  i 

QST  General  call  preceding  a  message  addressed  to  all  amateurs  and  A.R.R.L.  Members.  This  is  in  effect  “CQ  ARRL.” 
QRR  Official  A.R.R.L.  “land  SOS."  A  distress  call  for  use  by  stations  in  emergency  zones  only. 
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Scales  XJsed  in  Express  ing  Signal  Strengt h  and  Readability 

(See  QRK  and  QSA  in  the  Q  Code) 


Strengtk 


QSA1 .  . Barely  perceptible 

QSA2 . Wcak 

QSA3 .  . Fairly  good 

QSA4 . Good 

QSA5 .  . Very  good 


Readability 


qrki .  . . Unreadable 

QRK2 .  . Readable  now  and  then 

QRK3 .  . Readable  with  difficulty 

QRK4 .  . Readable 

QRK5 .  . Perfectly  readable 


•  ABBREVIATIONS 

FB 

FD 

In  amateur 

work  many  frequently-used 

FIL 

words  are  abbreviated.  Many  of  these  abbrevi- 

FM 

ations  have  the  sanction  of  international 

FONES 

FB 

regulations  but  others  come  from  the  old  press 

FREQ 

codes  and  many  have  been  made  by  amateurs 

GA 

themselves.  Together,  with  the  “Q  Code,” 

GB 

they  constitute 

a  miniature  language  fre- 

GE 

quently  called  “ 

QST  English,”  from  the  name 

GG 

of  the  A.R.R.L.’ 

s  magazine.  We  list  below  the 

GM 

more  frequently  encountered  abbreviations. 

GN 

GND 

While  some  are 

purely  arbitrary,  it  will  be 

GSA 

noted  that  some 

are  simple  phonetic  spellings, 

HAM 

others  are  the  first  and  last  letters  of  a  word, 

HBN 

some  simply  eliminate  vowels,  some  use  the 

HR 

letter  x  to  replace  part  of  a  word,  etc. 

HRD 

HV 

AA 

All  af  ter . (to  be  used  af  ter 

ICW 

a  ?  to  aak  for  a  repetition). 

JM 

AB 

All  bef  ore . (to  be  used  after 

a  ?  to  ask  for  a  repetition). 

AL 

All  that  haa  just  been  sent  (to  be 

LID 

used  after  a  ?  to  ask  for  a  repeti- 

LTR 

tion). 

MA 

BN 

All  between  .  (to  be  used 

MG 

after  a  ?  to  ask  for  a  repetition). 

MILS 

ABT 

About 

ND 

ACCT 

Aecount 

NIL 

ADR 

Address 

NM 

AGN 

Again 

NR 

AMP 

Ampere 

NSA 

AMT 

Amount 

NW 

ANI 

Any 

OB 

BCL 

Broadcast  listener 

OC 

BCNU 

Be  seeing  you 

OM 

BD 

Bad 

OO 

BK 

Break 

OPN 

BLV 

Believe 

OPS 

BN 

Been,  all  between 

OP-OPR 

BPL 

Brasa  Pounders'  League 

ORS 

BTN 

Between 

OT 

BUG 

Vibroplex  key 

OW 

C 

Yes 

PBL 

GANS 

Phones 

PP 

CFM 

Confirm  (er  I  confirm) 

PSE 

CK 

Check 

PUNK 

CKT 

Circuit 

PX 

CL 

Cloaing  station;  call 

R 

CLD 

Called 

RAC 

CM 

Communications  Manager 

RCD 

CRD 

Card 

RCVR 

CD-CUD 

Could 

RDO 

CÜL 

See  you  later 

RI 

CW 

Continuous  wave 

RM 

DH 

Dead  head 

RPT 

DLD-DLVD 

Delivered 

SA 

DLY 

Delivery 

SCM 

DX 

Distance 

SED 

ES 

And 

SEZ 

Fine  business,  excellent 
A.R.R.L.  Field  Day 
Filament 
From 

Telephones 

For 

Frequency 

Go  ahead  (résumé  aending) 

Good-bye 

Give  better  address 

Good  evening 

Going 

Good  morning 
Gone,  good  night 
Ground 

Give  aome  address 

Amateur,  brass-pounder 

Have  been,  has  been 

Laughter,  high 

Here,  hear 

Heard 

Have 

Interrupted  continuous  wave 
If  I  may  transmit,  send  a  series  of 
dashes.  To  stop  my  transmission, 
send  a  series  of  dots. 

“Lid,”  a  poor  operator 

Later,  letter 

Milliampere 

Motor-generator 

Milliamperes 

Message 

Nothing  doing 

Nothing 

No  more 

Number,  near 

No  such  addrees 

Now 

Old  Boy,  Official  Broadcast 
Old  chap 
Old  Man 
Official  Obaerver 
Operation 

Official  ’Phone  Station 
Operator 

Official  Relay  Station 

Old  timer,  old  top 

Old  woman 

Preamble 

Push-pull 

Please 

Poor  operator 
Press 

Are,  all  right,  O.K. 

Rectified  alternating  current 

Received 

Receiver 

Radio 

Radio  Inspector 
Route  Manager 
Repeat 
Say 

Section  Communications  Manager 

Said 

Says 
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SIG  Signature 

SIGS  Signals 

SINE  Sign,  personal  initials 

SKEJD  Schedule 

SS  A.R.R.L.  Sweepstakes  Contest 

SVC  Service 

TFC  Traffic 

TKS-TNX-TU  Thanks 

TNG  Thing 

TMW  Tomorrow 

TT  That 

U  You 

UR  Your,  you’re 

URS  Yours 

VT  Vacuum  tube 

VY  Very 

WA  Word  after  .  (to  be  used 

after  a  ?  to  request  a  repetition). 

WB  W ord  before  . .  (to  be  used 

after  a  ?  to  request  a  repetition). 
WD  Would,  word 

WDS  Words 

WKD  Worked 

WKG  Working 

WL  Will 

WT  What,  wait,  watt 

WUD  Would 

WX  Weather 

XMTR  Tranamitter 

XYL  Wife 

YF  Wife 

YL  Young  lady 

YS  Your  service  message 

73  Beet  regards 

88  Love  and  kiases 

•  PREFIXES 

Alaska .  K7 

Antarctica .  KC4 

Baker  Island,  Howland  Island,  Am.  Phoenix  Is- 

lands .  KF6 

Canal  Zone . K5,  NY1,  NY2 

Guam .  KB6 

Guantanamo .  NY4 

Hawaiian  Islands .  K6 

Jarvis  Island,  Palmyra  Group .  KG6 

Johnston  Island .  KE6 

Midway  Island .  KD6 

Philippine  Islands .  KA 

Puerto  Rico .  K4 

Samoa,  American .  KH6 

Swan  Island .  KD4 

United  States .  W  [NI 

Virgin  Islands .  KB4 

Wake  group .  KC6 


•  UNITED  STATES  AMATEUR 

REGULATIONS 

Pursuant  to  the  basic  Communications  law, 
general  regulations  for  amateurs  have  been 
drafted  by  the  Federal  Communications  Com- 
mission.  The  number  before  each  regulation  is 
its  official  number  in  the  complete  book  of  regu¬ 
lations  for  all  classes  of  radio  stations  as  issued 
by  the  Commission;  the  number  of  each  regula¬ 
tion  is  of  no  consequence  to  the  amateur,  except 
as  a  means  of  reference. 

These  regulations  are  correct  as  of  October  1', 
1940.  As  the  regulations  are  subject  to  change 
from  time  to  time,  it  is  recommended  that 
The  Radio  Amateur’ s  License  Manual  (25)5 
postpaid,  from  the  A.R.R.L.)  be  consulted  for 
latest  official  regulations,  since  it  is  always  kept 


up-to-date  either  by  frequent  revisions  or  by 

the  inelusion  of  a  “change-sheet”  giving  neces- 
sary  corrections.  It  is  not  expected  that  any 
changes  of  importance  will  have  been  made  dur- 
ing  1940  but  if  studying  for  a  license  it  is  best 
to  take  no  chances,  and  the  License  Manual 
should  always  be  consulted  for  the  text  of  reg¬ 
ulations  in  such  cases. 

GENERAL  REGULATIONS  APPLICABLE  TO 
AMATEURS 

1.71.  Applications  made  on  prescribed  forms.  Each  applica- 
tion  for  an  instrument  of  authorization  shall  comply  with 
the  Commission’ s  Rules  and  Regulations  and  shall  be  made 
in  writing  ...  on  a  form  furnished  by  .  .  .  the  Commis¬ 
sion.  .  .  .  Separate  application  shall  be  filed  for  each 
instrument  of  authorization  requested.  ...  The  required 
forms  may  be  obtained  from  the  Commission  or  from  any  of 
its  field  offices.  (For  a  list  of  such  offices  and  related  geo- 
graphical  districts  see  the  table  following  these  regulations.) 

1.351.  Place  of  filing ;  number  of  co  pies.  Each  application 
for  .  ,  .  station  license  .  .  .  with  respect  to  the  number  of 
copies  and  place  of  filing,  shall  be  submitted  as  follows:  .  .  . 
g.  Amateur:  1  copy  to  be  sent  as  follows:  (a)  To  proper 
district  office  if  it  requires  personal  appearance  for  operator 
examination  under  direct  supervision  from  that  office;  (b) 
direct  to  Washington,  D.  C.,  in  all  other  cases,  including 
examin&tione  for  Class  C  privileges. 

1.359.  Modification  of  license.  .  .  .  each  application  for 
modification  of  license  shall  be  filed  at  least  60  days  prior  to 
the  contemplated  modification  of  license:  Provided,  however, 
That  in  emergencies  and  for  good  oause  shown,  the  require- 
ments  hereof  may  be  waived  insofar  as  time  for  filing  is 
concerned. 

1.360.  Renewal  of  license.  Unless  otherwise  directed  by  the 
Commission,  each  application  for  renewal  of  license  Bhall  be 
filed  at  least  60  days  prior  to  the  axpiration  date  of  the 
license  sought  to  be  renewed. 

1.391.  Answers  to  notices  of  violation.  Any  licensee  re- 
ceiving  official  notice  of  a  violation  of  the  terms  of  the  Com¬ 
munications  Act  of  1934,  any  legislative  act,  Executive 
order,  treaty  to  which  the  United  States  is  a  party,  or  the 
Rules  and  Regulations  of  the  Federal  Communications 
Commission,  shall,  within  3  days  from  such  receipt,  eend  a 
written  answer  direot  to  the  Federal  Communications  Com¬ 
mission  at  Washington,  D.  C.,  and  a  copy  thereof  to  the 
office  of  the  Commission  originating  the  official  notice  when 
the  originating  office  is  other  than  the  office  of  the  Commis¬ 
sion  in  Washington,  D.  C.:  Provided,  however,  That  if  an 
answer  oannot  be  sent  nor  an  acknowledgment  made  within 
such  3-day  period  by  reason  of  illness  or  other  unavoidable 
circumstances,  acknowledgment  and  answer  shall  be  made 
at  the  earliest  practicable  date  with  a  satisfactory  explana- 
tion  of  the  delay.  The  answer  to  each  notice  shall  be  com¬ 
plete  in  itself  and  shall  not  be  abbreviated  by  reference  to 
other  Communications  or  answers  to  other  notices.  If  the 
notice  relates  to  some  violation  that  may  be  due  to  the 
physical  or  electrical  characteristics  of  transmitting  appara- 
tus,  the  answer  shall  state  fully  what  steps,  if  any,  are  taken 
to  prevent  future  violations,  and  if  any  new  apparatus  is  to 
be  installed,  the  date  such  apparatus  was  ordered,  the  name 
of  the  manufacturer,  and  promised  date  of  delivery.  .  .  .  If 
the  notice  of  violation  relates  to  some  lack  of  attention  or 
improper  operation  of  the  transmitter,  the  name  and  license 
number  of  the  operator  in  charge  shall  be  given. 

1.401.  Revocation  of  station  license.  Whenever  the  Com¬ 
mission  shall  institute  a  revocation  proceeding  against  the 
holder  of  any  radiostation  .  .  .  license  .  ,  .  it  shall  initiate 
said  proceeding  by  serving  upon  said  licensee  an  order  of 
revocation  effective  not  lesa  than  15  days  after  written 
notice  thereof  is  given  the  licensee.  The  order  of  revocation 
shall  contain  a  statement  of  the  grounds  and  reasons  for  such 
proposed  revocation  and  a  notice  of  the  licensee's  right  to 
be  heard  by  filing  with  the  Commission  a  written  request  for 
hearing  within  15  days  after  receipt  of  said  order.  Upon  the 
filing  of  such  written  request  for  hearing  by  said  licensee  the 
order  of  revocation  shall  stand  suspended  and  the  Commis¬ 
sion  will  set  a  time  and  place  for  hearing  and  shall  give  the 
licensee  and  other  interes ted  parties  notice  thereof.  If  no 
request  for  hearing  on  any  order  of  revocation  is  made  by  the 
licensee  against  whom  such  an  order  is  directed  within  the 
time  hereinabove  set  forth,  the  order  of  revocation  shall 
become  final  and  effective,  without  further  action  of  the 
Commission.  When  any  order  of  revocation  has  become  final, 
the  person  whose  license  has  been  revoked  shall  forthwith 
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deliver  the  station  license  in  question  to  the  inspector  in 
charge  of  the  district  in  which  the  licensee  resides. 

1.411.  Suspension  of  operator  licenses:  Order  of  suspension. 
No  order  of  suspension  of  any  operator’s  license  shall  take 
effect  until  15  days’  notice  in  writing  thereof,  stating  the 
cause  for  the  proposed  suspension,  has  been  given  to  the 
operator  licensee  who  may  make  written  application  to  the 
Commission  at  any  time  within  said  15  days  for  a  hearing 
upon  such  order.  The  notice  to  the  operator  licensee  shall  not 
be  effective  until  actually  received  by  him,  and  from  that 
time  he  shall  have  15  days  in  which  to  mail  the  said  applica¬ 
tion.  In  the  event  that  physical  conditions  prevent  mailing 
of  the  application  at  the  expiration  of  the  15-day  period,  the 
application  shall  then  be  mailed  as  soon  as  possible  there- 
after,  accompanied  by  a  satisfactory  explanation  of  the 
delay.  Upon  receipt  by  the  Commission  of  such  application 
for  a  hearing,  said  order  of  suspension  shall  be  held  in 
abeyance  until  the  conclusion  of  the  hearing  which  shall  be 
conducted  under  such  rules  as  the  Commission  shall  deern 
appropriate.  Upon  the  conclusion  of  said  hearing  the  Com¬ 
mission  may  affirm,  modify,  or  revoke  said  order  of  sus¬ 
pension. 

1.412.  Suspension  of  operator  licenses:  Proceedings.  Pro- 
ceedings  for  the  suspension  of  an  operator’s  license  shall  in 
all  cases  be  initiated  by  the  entry  of  an  order  of  suspension. 
Respondent  will  be  given  notice  thereof  together  with 
notice  of  his  right  to  be  heard  and  to  contest  the  proceeding. 
The  effective  date  of  the  suspension  will  not  be  speoified  in 
the  original  order  but  will  be  fixed  by  subsequent  motion  of 
the  Commission  in  accordance  with  the  conditions  specified 
above.  Notice  of  the  effective  date  of  suspension  will  be 
given  respondent,  who  shall  send  his  operator  license  to  the 
office  of  the  Cmnmission  in  Washington,  D.  C.,  on  or  before 
the  said  effective  date,  or,  if  the  effective  date  has  passed  at 
the  time  notice  is  received,  the  license  shall  be  sent  to  the 
Commission  forthwith. 

2.45.  License  expiration  time  and  periods.  Each  station 
license  will  be  issued  so  as  to  expire  at  the  hour  3  a.m.  eastern 
Standard  time.  The  normal  license  periods  and  expiration 
dates  are  specified  under  the  rules  governing  the  class  of 
station  concerned.  ( See  Sec.  ï£.64  of  amateur  regulations  for 
amateur  station-license  period.) 

2.48.  Station  inspection.  The  licensee  of  any  radio  station 
shall  make  the  station  available  for  inspection  by  representa- 
tives  of  the  Commission  at  any  reasonable  hour  and  under 
the  regulations  governing  the  class  of  station  concerned. 

2.53.  Operators ,  place  of  duty.  (a)  Except  as  may  be  pro- 
vided  in  the  rules  governing  a  particular  class  of  station,  one 
or  more  licensed  operators  of  the  grade  specified  by  these 
rules  and  regulations  shall  be  on  duty  at  the  place  where  the 
transmitting  apparatus  of  each  station  is  located  and  in 
actual  charge  thereof  whenever  it  is  being  operated;  Pro- 
vided,  however,  That;  (1)  Subject  to  the  provisions  of  para- 
graph  (b)  of  thia  section,  in  the  case  of  a  station  licensed  for 
service  other  than  broadcast,  where  remote  control  is  used, 
the  Commission  may  modify  the  foregoing  requirements 
upon  proper  application  and  showing  being  made  so  that 
such  operator  or  operators  may  be  on  duty  at  the  control 
station  in  lieu  of  the  place  where  the  transmitting  apparatus 
is  located.  .  .  . 

(b)  Authority  to  employ  an  operator  at  the  control  point 
in  accordance  with  paragraph  (a)  (1)  of  this  section  shall  be 
subject  to  the  following  conditions: 

(1)  The  transmitter  shall  be  so  inetalled  and  protected 
that  it  is  not  accessible  to  other  than  duly  authorized 
persons. 

(2)  The  emissions  of  the  transmitter  shall  be  con- 
tinuously  monitored  at  the  control  point  by  a  licensed 
operator  of  the  grade  specified  for  the  class  of  station 
involved. 

(3)  Provision  shall  be  made  8 o  that  the  transmitter  can 
quickly  and  without  delay  be  placed  in  an  inoperative 
condition  in  the  event  there  is  a  deviation  from  the  terms 
of  the  station  license. 

(4)  The  radiation  of  the  transmitter  shall  be  suspended 
immediately  when  there  is  a  deviation  from  the  terms  of 
the  station  license. 

2.59.  Distress  messages.  Each  station  licensee  shall  give 
absolute  priority  to  radio  Communications  or  signals  relating 
to  ships  or  aircraft  in  distress;  shall  cease  all  sending  on 
frequencies  which  will  interfere  with  hearing  a  radio  com- 
munication  or  signal  of  distress.  .  .  . 

2.91.  Military  or  naval  test  Communications.  The  licensee 
of  any  radio  station  may,  if  proper  notice  from  authorized 
government  representatives  is  filed  with  and  approved  by 
the  Commission,  utilize  such  stations  for  military  or  naval 
test  Communications  (messages  not  necessary  for  the  con- 
duct  of  ordinary  governmental  business)  in  preparation  for 

national  defense  during  the  period  or  periods  stated  in  said 
notice  subject  to  the  sole  condition  that  no  interference  to 


any  service  of  another  country  will  result  therefrom.  Noth- 
ing  herein  or  in  any  other  regulation  of  the  Commission  shall 
be  construed  to  require  any  such  station  to  participate  in 
any  such  test. 

AMATEUR  REGULATIONS 

DEFINITIONS 

12.1.  Amateur  service.  The  term  “amateur  service” 
means  a  radio  service  carried  on  by  amateur  stations. 

12.2.  Amateur  station.  The  term  “  amateur  station  ”  means 
a  station  used  by  an  “amateur,”  that  is,  a  duly  authorized 
person  interested  in  radio  technique  solely  with  a  personal 
aim  and  without  pecuniary  interest.  It  embraces  all  radio 
transmitting  apparatus  at  a  particular  location  used  for 
amateur  service  and  operated  under  a  single  instrument  of 
authorization. 

12.3.  Amateur  portable  station.  The  term  “amateur  port¬ 
able  station”  means  an  amateur  station  that  is  portable 
in  fact,  that  is  so  constructed  that  it  may  conyeniently  be 
moved  about  from  place  to  place  for  communication,  and 
that  is  in  fact  so  moved  from  time  to  time,  but  which  is  not 
operated  while  in  motion. 

12.4.  Amateur  portable-mobüe  station.  The  term  “amateur 
portable-mobile  Btation”  means  an  amateur  station  that  is 
portable  in  fact,  that  is  so  constructed  that  it  may  con- 
veniently  be  transferred  to  or  from  a  mobile  unit  or  from 
one  such  unit  to  another,  and  that  is  in  fact  so  transferred 
from  time  to  time  and  is  ordinarily  used  while  such  mobile 
unit  is  in  motion. 

12.5.  Amateur  radio  communication.  The  term  “amateur 
radio  communication  ”  means  radio  communication  between 
amateur  stations  solely  with  a  personal  aim  and  without 
pecuniary  interest. 

12.6.  Amateur  operator .  The  term  “amateur  operator” 
means  a  person  holding  a  valid  license  issued  by  the  Federal 
Communications  Commission  authorizing  him  to  operate 
licensed  amateur  stations. 

LICENSES ;  PRIVILEGES 

12.21.  Eligibility  for  license.  The  following  are  eligible  to 
apply  for  amateur  operator  license  and  privileges: 

Class  A  —  A  United  States  Citizen  who  has  within  five 
years  of  receipt  of  application  held  license  as  an  amateur 
operator  for  a  year  or  who  in  lieu  thereof  qualified  under 
Section  12.46. 

Class  B  —  Any  United  States  citizen. 

Class  C  —  A  United  States  Citizen  whose  actual  residence, 
address,  and  station,  are  more  than  125  miles  airline  from 
the  neareBt  point  where  examination  is  given  at  least  quar- 
terly  for  Class  B;  or  is  shown  by  physician’s  certificate  to  be 
unable  to  appear  for  examination  due  to  protracted  dis- 
ability;  or  is  shown  by  certificate  of  the  oommanding  officer 
to  be  in  a  camp  of  the  Civilian  Conservation  Corps  or  in  the 
regular  military  or  naval  service  of  the  United  States  at  a 
military  post  or  naval  station  and  unable  to  appear  for  Class 
B  examination. 

12.22.  Classification  of  operating  privileges.  Amateur 
operating  privileges  are  as  follows: 

Class  A  —  All  amateur  privileges. 

Class  B  —  Same  as  Class  A  except  specially  limited  as  in 
Section  12.114. 

Class  C  —  Same  as  Class  B. 

12.23.  Scope  of  operator  authority .  Amateur  operators 
licenses  are  valid  only  for  the  operation  of  licensed  amateur 
stations;  provided,  however,  any  person  holding  a  valid  radio 
operator’s  license  of  any  class  may  operate  stations  in  the 
experimental  service  licensed  for,  and  operating  on,  fre¬ 
quencies  above  300, OCX)  kilocycles. 

12.24.  Posting  of  license.  The  original  operator’s  license 
shall  be  posted  in  a  conspicuous  place  in  the  room  oceupied 
by  such  operator  while  on  duty  or  kept  in  his  personal 
possession  and  available  for  inspection  at  all  times  while  the 
operator  is  on  duty,  except  when  such  license  has  been  filed 
with  application  for  modification  or  renewal,  or  has  been 
mutilated,  lost,  or  destroyed,  and  application  has  been 
made  for  a  duplicate. 

12.25.  Duplicate  license.  Any  licensee  applying  for  a 
duplicate  license  to  replace  an  original  which  has  been  lost, 
mutilated,  or  destroyed,  shall  submit  to  the  Commission 
such  mutilated  license  or  affidavit  attesting  to  the  facts  re- 
garding  the  manner  in  which  the  original  was  lost  or  de¬ 
stroyed.  If  the  original  is  later  found,  it  or  the  duplicate  shall 
be  retumed  to  the  Commission. 

12.26.  Renewal  of  amateur  operator  license.  An  amateur 
operator  license  may  be  renewed  upon  proper  application 
and  a  showing  that  within  three  months  of  receipt  of  the 
application  by  the  Commission  the  licensee  has  Iawfully 
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operated  an  amateur  station  licensed  by  the  Commission, 
and  Ikat  ke  Kas  communicated  ky  radio  wHk  at  least  tkree 
other  such  amateur  stations.  Failure  to  meet  the  require- 
ments  of  this  section  wiil  make  it  necessary  for  the  applicant 
to  again  qualify  by  examination. 

12.27,  Who  may  operate  an  amateur  station .  An  amateur 
station  may  be  operated  only  by  a  person  holding  a  valid 
amateur  operator’s  license,  and  then  only  to  the  extent 
provided  for  by  the  class  of  privileges  for  which  the  opera¬ 
tor’s  license  is  endorsed.  When  an  amateur  station  uses 
radiotelephony  (typeA-3  emission)  the  licensee  may  permit 
any  person  to  transmit  by  voice,  provided  a  duly  licensed 
amateur  operator  maintains  control  over  the  emissions  by 
turning  the  carrier  on  and  off  when  required  and  signs  the 
station  ofï  af  ter  the  transmission  has  been  completed. 

EXAMINATI0N8 

12.41.  When  required.  Examination  is  required  for  a  new 
license  as  an  amateur  operator  or  for  change  of  class  of 
privileges. 

12.42.  Elements  of  examination.  The  examination  for  ama' 
teur  operator  privileges  will  comprise  the  following  elements : 

1.  Code  test  —  ability  to  send  and  receive,  in  plain  lan- 
guage,  messages  in  the  International  Morse  Code  at  a  speed 
of  not  lees  than  thirteen  words  per  minute,  counting  five 
characters  to  the  word,  each  numeral  or  punctuation  mark 
counting  as  two  characters. 

2.  Amateur  radio  operation  and  apparatus,  both  tele- 
phone  and  telegraph. 

3.  Provisions  of  treaty,  statute  and  regulations  affecting 
amateurs. 

4.  Advanced  amateur  radiotelephony. 

12.43.  Elements  required  for  various  privileges.  Examina- 
tions  for  Class  A  privileges  will  include  all  four  examination 
elements  as  specified  in  Section  12.42, 

Examinations  for  Classes  B  and  C  privileges  will  include 
elements  1,  2,  and  3  as  set  forth  in  Section  12.42, 

12.44.  Manner  of  conducting  examination.  Examinations 
for  Class  A  and  Class  B  privileges  will  be  conducted  by 
an  authorized  Commission  employee  or  representative  at 
points  specified  by  the  Commission. 

Examinations  for  Class  C  privileges  will  be  given  by  vol- 
unteer  examiner(s),  whom  the  Commission  may  designate  or 
permit  the  applicant  to  select;  in  the  latter  event  the  ex- 
aminer  giving  the  code  test  shall  be  a  holder  of  an  amateur 
license  with  Class  A  or  B  privileges,  or  have  held  within  five 
years  a  license  as  a  professional  radiotelegraph  operator  or 
have  within  that  time  been  employed  as  a  radiotelegraph 
operator  in  the  service  of  the  United  States;  and  the  exam- 
iner  for  the  written  test,  if  not  the  same  individual,  shall  be 
a  person  of  legal  age. 

12.45.  Additional  examination  for  kolders  of  Class  C 
privileges.  The  Commission  may  require  a  licensee  holding 
Class  C  privileges  to  appear  at  an  examining  point  for  a 
Class  B  examination.  If  such  licensee  fails  to  appear  for 
examination  when  directed  to  do  so,  or  fails  to  pass  the 
8upervisory  examination,  the  license  held  will  be  canceled 
and  the  holder  thereof  will  not  be  issued  another  license  for 
the  Class  C  privileges. 

Whenever  the  holder  of  Class  C  amateur  operator  privi¬ 
leges  changes  his  actual  residence  or  station  location  to  a 
point  where  he  would  not  be  eligible  to  apply  for  Class  C 
privileges  in  the  first  instance,  or  whenever  a  new  examining 
point  is  established  in  a  region  from  which  applicants  were 
previously  eligible  for  Class  C  privileges,  such  holdera  of 
Class  C  privileges  shall  within  four  months  thereafter  appear 
at  an  examining  point  and  be  examined  for  Class  B  privi¬ 
leges.  The  license  will  be  canceled  if  such  licensee  fails  to 
appear,  or  fails  to  pass  the  examination. 

12.46.  Examination  abridgment.  An  applicant  for  Class  A 
privileges,  who  holds  a  license  with  Class  B  privileges,  will 
be  required  to  pass  only  the  added  examination  element, 
No.  4.  (See  Section  12.42.) 

A  holder  of  Class  C  privileges  will  not  be  accorded  an 
abridged  examination  foreither  Class  B  or  Class  A  privileges. 

An  applicant  who  has  held  a  license  for  the  class  of  privi¬ 
leges  specified  below,  within  five  years  prior  to  receipt  of 
application,  will  be  credited  with  examination  elements  as 
follow8: 


Class  of  license  or  privileges 

Credits 

Commercial  extra  first . 

Radiotelegraph  lst,  2nd,  or  3rd . 

Radiotelephone  lst  or  2nd . 

Class  A . 

Elements  1,  2  &  4 
Elements  1  &  2 
Elements  2  &  4 
Elements  2  &  4 

No  examination  credit  is  given  on  account  of  license  of 
Radiotelepkone  5r<l  Class,  nor  for  otker  class  of  license  or 
privileges  not  abovelisted. 

12.47.  Examination  procedure.  Applicants  shall  write 
examinations  in  longhand  —  code  tests  and  diagrams  in  ink 
or  pencil,  written  tests  in  ink  —  except  that  applicants  un- 
able  to  do  so  because  of  physical  disability  may  type  write 
or  dictate  their  examinations  and,  if  unable  to  draw  required 
diagrams,  may  make  instead  a  detailed  description  essen- 
tially  equivalent.  The  examiner  shall  certify  the  nature  of 
the  applicant’s  disability  and,  if  the  examination  is  dictated, 
the  name  and  address  of  the  person (s)  taking  and  transcrib- 
ing  the  applicant’s  dictation. 

12.48.  Grading.  Code  tests  are  graded  as  passed  or  failed, 
separately  for  sending  and  receiving  tests.  A  code  test  is 
failed  unless  free  of  omission  or  other  error  for  a  continuous 
period  of  at  least  one  minute  at  required  speed.  Failure  to 
pass  the  required  code  test  will  terminate  the  examination. 
(See  Sec.  12.49.) 

A  passing  grade  of  75  per  cent  is  required  separately  for 
Class  B  and  Class  A  written  examinations. 

12.49.  Eligibility  for  reëxamination.  An  applicant  who  fails 
examination  for  amateur  privileges  may  not  take  another 
examination  for  such  privileges  within  two  months,  except 
that  this  rule  shall  not  apply  to  an  examination  for  Class  B 
following  one  for  Class  C. 

LICENSES 

12.61.  Eligibility  for  amateur  station  license.  License  for  an 
amateur  station  will  be  issued  only  to  a  licensed  amateur 
operator  who  has  made  a  satisfactory  showing  of  control  of 
proper  transmitting  apparatus  and  control  of  the  premises 
upon  which  such  apparatus  is  to  be  located;  provided,  how- 
ever,  that  in  the  case  of  an  amateur  station  of  the  military 
or  Naval  Reserve  of  the  United  States  located  in  approved 
public  quarters  and  established  for  training  purposes,  but 
not  operated  by  the  United  States  Government,  a  station 
license  may  be  issued  to  a  person  in  charge  of  such  a  station 
although  not  a  licensed  amateur  operator. 

12.62.  Eligibility  of  corporations  or  organizations  to  hold 
license.  An  amateur  station  license  will  not  be  issued  to  a 
school,  company,  Corporation,  association,  or  other  organi- 
zation;  nor  for  their  use;  provided ,  however,  that  in  the  case 
of  a  bona  fide  amateur  radio  society  a  station  license  may  be 
issued  in  accordance  with  Section  12.61  to  a  licensed  ama¬ 
teur  operator  as  trustee  for  such  society. 

12.63.  Location  of  station.  An  amateur  radio  station,  and 
the  control  point  thereof  when  remote  control  is  authorized 
shall  not  be  located  on  premises  controlled  by  an  alien. 

12.64.  License  period.  License  for  an  amateur  station  will 
normally  be  for  a  period  of  three  years  from  the  date  of 
issuance  of  a  new,  renewed,  or  modified  license. 

12.65.  Authorized  operation.  An  amateur  station  license 
authorizes  the  operation  of  all  transmitting  apparatus  used 
by  the  licensee  at  the  location  specified  in  the  station  license 
and  in  addition  the  operation  of  portable  and  portable- 
mobile  stations  at  other  locations  under  the  same  instrument 
of  authorization. 

12.66.  Renewal  of  amateur  station  license.  An  amateur  sta¬ 
tion  license  may  be  renewed  upon  proper  application  and  a 
showing  that,  within  three  months  of  receipt  of  the  applica¬ 
tion  by  the  Commission,  the  licensee  thereof  has  lawfully 
operated  such  station  in  communication  by  radio  with  at 
least  three  other  amateur  stations  licensed  by  the  Commis¬ 
sion,  except  that  in  the  case  of  an  application  for  renewal  of 
station  license  issued  for  an  amateur  society  or  reserve 
group,  the  required  operation  may  be  by  any  licensed  ama¬ 
teur  operator.  Upon  failure  to  comply  with  the  above  re- 
quirements,  a  successor  license  will  not  be  granted  until  two 
months  after  expiration  of  the  old  license. 

12.67.  Posting  of  station  license.  The  original  of  each  sta¬ 
tion  license  or  a  facsimile  thereof  shall  be  posted  by  the 
licensee  in  a  conspicuous  place  in  the  room  in  which  the 
transmitter  is  located  or  kept  in  the  personal  possession  of 
the  operator  on  duty,  except  when  such  license  has  been 
filed  with  application  for  modification  or  renewal,  or  has 
heen  mutilated,  lost,  or  destroyed,  and  application  has  been 
made  for  a  duplicate. 

CALL  SIQNALS 

12.81.  Assignment  of  call  letters.  Amateur  station  calls  will 
be  assigned  in  regular  order  and  special  requests  will  not  be 
considered  except  that  a  call  may  be  reassigned  to  the  latest 
holder,  or  if  not  under  license  during  the  past  five  years  to 
any  previous  holder,  or  to  an  amateur  organization  in 
memoriam  to  a  deceased  member  and  former  holder,  and 
particular  calls  may  be  temporarily  assigned  to  stations  con- 
nected  with  events  of  general  public  interest. 
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12.82.  Call  signals  for  mombers  of  U.S.N.R.  In  the  case  of 
an  amateur  licensee  whose  station  is  licensed  to  a  regularly 
commissioned  or  enlisted  member  of  the  United  States 
Naval  Reserve,  the  Commandant  of  the  naval  district  in 
which  such  station  is  located  may  authorize  in  his  discretion 
the  use  of  the  call-letter  prefix  N  in  lieu  of  the  prefix  W  or  K, 
assigned  in  the  license  issued  by  the  Commission;  provided 
that  such  N  prefix  shall  be  used  only  when  operating  in 
the  frequency  bands  1750-2050  kilocycles,  3500—4000 
kilocycles, .  56,000-60,000  kilocycles,  and  400,000—401,000 
kilocycles  in  accordance  with  instructiona  to  be  issued  by 
the  Navy  Department. 

12.83.  Transmission  of  call  signals.  An  operator  of  an 
amateur  station  shall  transmit  its  assigned  call  at  the  end  of 
each  transmission  and  at  least  onceevery  ten  minutes  during 
transmission  of  more  than  ten  minutes’  duration:  provided, 
however ,  that  transmission  of  less  than  one  minute  duration 
from  stations  employing  break-in  operation  need  be  identi- 
fied  only  once  every  ten  minutes  of  operation  and  at  the 
termination  of  the  correspondence.  In  addition,  an  operator 
of  an  amateur  portable  or  portable-mobile  radiotelegraph 
station  shall  transmit  immediateiy  after  the  call  of  the  sta¬ 
tion  the  fraction-bar  character  (DN)  followed  by  the  num- 
ber  of  the  amateur  call  area  in  which  the  portable  or  porta¬ 
ble-mobile  amateur  station  is  then  operating,  as  for  example: 

Example  1.  Portable  or  portable-mobile  amateur  station 
operating  in  the  third  amateur  call  area  calls  a  fixed  amateur 
station:  WlABC  W1ABC  WIABC  DE  W2DEF  DN3 
W2DEF  DN3  W2DEF  DN3  AR. 

Example  2.  Fixed  amateur  station  answers  the  portable  or 
portable-mobile  amateur  station:  W2DEF  W2DEF  W2DEF 
DE  WIABC  WIABC  WlABC  K. 

Example  3.  Portable  or  portable-mobile  amateur  station 
calls  a  portable  or  portable-mobile  amateur  station:  W3GHI 
W3GH^W3GHI  DE  W4JKL  DN4  W4JKL  DN4  W4JKL 
DN4  AR. 

If  telephony  is  used,  the  call  sign  of  the  station  shall  be 
followed  by  an  announcement  of  the  amateur  call  area  in 
which  the  portable  or  portable-mobile  station  ie  operating. 

12.91.  Requiremenls  for  portable  and  portable-mobile 
operation.  A  licensee  of  an  amateur  station  may  operate 
portable  amateur  stations  (Section  12.3)  in  accordance  with 
the  provisions  of  Sections  12.82,  12.83,  12.92  and  12.136. 
Such  licensee  may  operate  portable  and  portable-mobile 
amateur  stations  without  regard  to  Section  12.92,  but  in 
compliance  with  Sections  12.82,  12.83  and  12.136,  when 
6uch  operation  takes  place  on  authorized  amateur  frequen- 
cies  above  28,000  kilocycles. 

12.92.  Special  provisions  for  portable  stations.  Advance 
notice  in  writing  shall  be  given  by  the  licensee  to  the  in- 
spector  in  charge  of  the  district  in  which  such  portable  sta¬ 
tion  is  to  be  operated.  Such  notices  shall  be  given  prior  to 
any  operation  contemplated,  and  shall  state  the  station  call, 
name  of  licensee,  the  date  ofproposed  operation,  and  the 
locations  as  specifically  as  possible.  An  amateur  Btation  oper¬ 
ating  under  this  Section  shall  not  be  operated  during  any 
period  exceeding  one  month  without  giving  further  notice  to 
the  inspector  in  cbarge  of  the  radio-inspection  district  in 
which  the  station  will  be  operated,  nor  more  than  four  con- 
secutive  periods  of  one  month  at  the  same  location.  This 
Section  does  not  apply  to  the  operation  of  portable  or 
portable-mobile  amateur  stations  on  frequencies  above 
28,000  kilocycles.  (See  Section  13.91.) 

12.93.  Special  provisions  for  non- portable  stations.  The 
provisions  for  portable  stations  shall  not  be  applied  to  any 
non-portable  station  except  that: 

a.  An  amateur  station  that  has  been  moved  from  one 
permanent  location  to  another  permanent  location  may  be 
operated  at  the  Jatter  location  in  accordance  with  the  pro- 
yisions  governing  portable  stations  for  a  period  not  exceed¬ 
ing  sixty  days,  but  in  no  event  beyond  the  expiration  date 
of  the  license,  provided  an  application  for  modification  of 
license  to  change  the  permanent  location  has  been  made  to 
the  Commission. 

b.  The  licensee  of  an  amateur  station  who  is  temporarily 
residing  at  a  location  other  than  the  licensed  location  for  a 
period  not  exceeding  four  months  may  for  such  period 
operate  his  amateur  station  at  his  temporary  addrees  in  ac¬ 
cordance  with  the  provisions  governing  portable  stations. 

USE  OF  AMATEUR  STATIONS 

12.101.  Points  of  communication.  An  amateur  station 
shall  communicate  only  with  other  amateur  stations,  except 
that  in  emergencies  or  for  testing  purposes  it  may  be  used 
also  for  communication  with  commercial  or  Government 
radio  stations.  In  addition,  amateur  stations  may  communi- 
cate  with  any  mobile  radio  station  which  is  licensed  by  the 
Commission  to  communicate  with  amateur  stations,  and 
with  stations  oi  expeditions  which  may  also  be  authorized 
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to  communicate  with  amateur  stations.  They  may  also  make 
transmissions  to  points  equipped  only  with  receiving  ap- 
paratus  for  the  measurement  of  emissions,  observation  of 
transmission  phenomena,  radio  control  of  remote  objects, 
and  similar  purely  experimental  purposes. 

12.102.  No  remuneration  for  use  of  station.  An  amateur 
station  shall  not  be  used  to  transmit  or  receive  messages 
for  hire,  nor  for  communication  for  material  compensation, 
direct  or  indirect,  paid  or  promised. 

12.103.  Broadca8ting  prohibited.  An  amateur  station  shall 
not  be  used  for  broadcasting  any  form  of  entertainment, 
nor  for  the  simultaneous  retransmission  by  automatic  means 
of  programs  or  signals  emanating  from  any  class  of  station 
other  than  amateur. 

12.104.  Radiotelephone  tests.  The  transmission  of  music 
by  an  amateur  station  is  forbidden.  However,  single  audio- 
frequency  tones  may  be  transmitted  by  radiotelephony  for 
test  purposes  of  short  duration  in  connection  with  the  de- 
velopment  of  experimental  radio  telephone  equipment. 


AIXOCATION  OF  FREQUENCIES 

12.111.  Frequencies  for  exclusive  use  of  amateur  stations. 
The  following  bands  of  frequencies  are  allocated  exclusively 
for  use  by  amateur  stations: 


1,750  to  2,050  kc. 
3,500  to  4,000  kc. 
7,000  to  7,300  kc. 
14,000  to  14,400  kc. 


28,000  to  30,000  kc. 
56,000  to  60,000  kc. 
112,000  to  116,000  kc. 
224,000  to  230,000  kc. 
400,000  to  401,000  kc. 


12.112.  Use  of  frequencies  above  300,000  kilocycles .  The 
licensee  of  an  amateur  station  may,  subject  to  change  upon 
further  order,  operate  amateur  stations,  with  any  type  of 
emission  authorized  for  amateur  stations,  on  any  frequency 
above  300,000  kilocycles  without  separate  licenses  therefor. 

12.113.  Individual  frequency  not  specified.  Transmissions 
by  an  amateur  station  may  be  on  any  frequency  within  the 
bands  assigned.  Sideband  frequencies  resulting  from  keying 
or  modulating  a  transmitter  shall  be  confined  within  the 
frequency  band  used. 

12.114.  Types  of  emission.1  All  bands  of  frequencies 
allocated  to  the  amateur  service  may  be  used  without  modu- 
lation  (Type  A-l  emission).1 

12.115.  Additional  bands  for  types  of  emission  using  ampli¬ 
tude  modulation.  The  following  bands  of  frequencies  are 
allocated  for  use  by  amateur  stations  using  additional  types 
of  emission1  as  shown: 


1,750  to  2,050  kc. 

— 

— 

A-4 

— 

1,800  to  2,050  kc. 

— 

A-3 

- 

— 

28,500  to  30,000  kc. 

— 

A-3 

— 

— 

56,000  to  60,000  kc. 

A-2 

A-3 

A-4 

— 

112,000  to  116,000  kc. 

A-2 

A-3 

A-4 

A-5 

224,000  to  230,000  kc. 

A-2 

A-3 

A-4 

A-5 

400,000  to  401,000  kc. 

A-2 

A-3 

A-4 

A-5 

12.116.  Additional  bands  for  radiotelephony.  Amateur  sta¬ 
tions  may  use  radiotelephony  with  amplitude  modulation 
(Type  A-3  emission)1  in  the  frequency  bands  3900  to  4000 
kc.  and  14,150  to  14,250  kc.;  provided  the  station  is  licensed 
to  a  person  who  holds  an  amateur  operator  license  endorsed 
with  Class  A  privileges,  and  actually  is  operated  by  an 
amateur  operator  holding  Class  A  privileges. 

12.117.  Frequency  modulation.  The  following  bands  of 
frequencies  are  allocated  for  use  by  amateur  stations  for 
radiotelephone  frequency  modulation  transmission:2 

58,500  to  60,000  kc. 

112,000  to  116,000  kc. 

224,000  to  230,000  kc. 

400,000  to  401,000  kc. 


EQUIPMENT  AND  OPERATION 

12.131.  Maximum  power  input.  The  licensee  of  an  ama¬ 
teur  station  is  authorized  to  use  a  maximum  power  input  of 
1  kilowatt  to  the  plate  circuit  of  the  final  amplifier  stage  of 
an  oscillator-amplifier  transmitter  or  to  the  plate  circuit  of 
an  oscillator  transmitter.  An  amateur  transmitter  operating 
with  a  power  input  exceeding  nine-hundred  watts  to  the 
plate  circuit  shall  provide  means  for  accurately  measuring 


i  Types  of  emission:  Emissions  are  classlfled  according  to  the 
purpose  for  which  they  are  used,  assumlng  thelr  modulation  or 
tbefr  possible  keying  to  be  only  In  amplitude  as  folio ws: 

Type  A-l  —  Telegraphy  on  pure  continuous  waves. 

Type  A-2  —  Moduiated  telegraphy. 

Type  A-3  —  Telephony. 

Type  A-4  —  Facsimile. 

Type  A-5  —  Televlston. 

*  When  using  frequency  modulation  no  simultaneous  ampli¬ 
tude  modulation  Is  permltted. 
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the  plate  power  input  to  the  vacuum  tube,  or  tubes,  supply- 

ing  power  to  the  antenna. 

12.132.  Power  supply  to  transmitter. The  licensee  of  an 
amateur  station  using  frequencies  below  60,000  kilocycles 
shall  use  adequately  filtered  direct-current  plate  power  sup¬ 
ply  for  the  transmitting  equipment  to  minimize  frequency 
modulation  and  to  prevent  the  emission  of  broad  signals. 

12.133.  Requirements  for  prevention  of  inter/erence.  Spuri- 
ous  radiations  from  an  amateur  transmitter  operating  on  a 
frequency  below  60,000  kilocycles  shall  be  reduced  or  elimi- 
nated  in  accordance^  with  good  engineering  practice  and 
shall  not  be  of  sufficiënt  intensity  to  cause  interference  on 
receiving  sets  of  modern  design  which  are  tuned  outside 
the  frequency  band  of  emission  normally  required  for  the 
type  of  emission  employed.  In  the  case  of  A-3  emission,  the 
transmitter  shall  not  be  modulated  in  excess  of  its  modula¬ 
tion  capability  to  the  extent  that  interfering  spurious  radia¬ 
tions  occur,  and  in  no  case  shall  the  emitted  carrier  be 
amplitude-modulated  in  excess  of  100  per  cent.  Means  shall 
be  employed  to  insure  that  the  transmitter  is  not  modulated 
in  excess  of  its  modulation  capability.  A  spurious  radiation 
is  any  radiation  from  a  transmitter  which  is  outside  the 
frequency  band  of  emission  normal  for  the  type  of  trans¬ 
mission  employed,  including  any  component  whose  fre¬ 
quency  is  an  integral  multiple  or  submultiple  of  the  carrier 
frequency  (harmonies  and  subharmonics),  spurious  modula¬ 
tion  producte,  key  clicks,  and  other  trans ient  effects,  and 
parasitic  oscillations.  The  frequency  of  emission  shall  be  as 
constant  as  the  state  of  the  art  permits. 

12.134.  Modulation  of  carrier  wave.  Except  for  brief  tests 
or  adjustments,  an  amateur  radiotelephone  station  shall 
not  emit  a  carrier  wave  on  frequencies  below  112,000  kilo¬ 
cycles  unless  modulated  for  the  purpose  of  communication. 

12.135.  Frequency  meamrement  and  regular  check.  The 
licensee  of  an  amateur  station  shall  provide  for  measure- 
ment  of  the  transmitter  frequency  and  establish  procedure 
for  check  in  g  it  regularly.  The  measurement  of  the  trans¬ 
mitter  frequency  shall  be  made  by  means  independent  of 
the  frequency  control  of  the  transmitter  and  shall  be  of 
sufficiënt  accuracy  to  assure  operation  within  the  frequency 
band  used. 

12.136.  Logs.  Each  licensee  of  an  amateur  station  shall 
keep  an  accurate  log  of  station  operation,  including  the 
following  data: 

(a)  The  date  and  time  of  each  transmission.  (The  date 
need  only  be  entered  once  for  each  day’s  operation.  The  ex- 
pression  “time  of  each  transmission"  means  the  time  of 
making  a  call  and  need  not  be  repeated  during  the  sequence 
of  communication  which  immediately  folio wb  ;  ho wever,  an 
entry  shall  be  made  in  the  log  when  “signing  off”  so  as  to 
show  the  period  during  which  communication  was  carried 
on.) 

(b)  The  eignature  of  the  person  manipulating  the  trans¬ 
mitting  key  of  a  radiotelegraph  transmitter  or  the  signa- 
ture  of  the  person  operating  a  transmitter  of  any  other  type 
(type  A-3  or  A-4  emission)  with  statement  as  to  type  of  emis¬ 
sion,  and  the  signature  of  any  other  person  who  transmits  by 
voice  over  a  radiotelephone  transmitter  (type  A-3  emission). 
(The  signature  need  only  be  entered  once  in  the  log  provided 
the  log  contains  a  statement  to  the  effect  that  all  transmis- 
sions  were  made  by  the  person  named  except  where  other- 
wise  stated.  The  signature  of  any  other  person  who  opera tes 
the  station  shall  be  entered  in  the  proper  space  for  his  trans- 
missions.) 

(c)  Call  letters  of  the  station  called.  (Th  is  entry  need  not 
be  repeated  for  calls  made  to  the  same  station  during  any 
sequence  of  communication,  provided  the  time  of  “signing 
off"  is  given.) 

(d)  The  input  power  to  the  oscillator,  or  to  the  final  am- 
plifier  stage  where  an  oscillator-amplifier  transmitter  is 
employed.  (This  need  be  entered  only  once,  provided  the 
input  power  is  not  changed.) 

(e)  The  frequency  band  used.  (This  information  need  be 
entered  only  once  in  the  log  for  all  transmissions  until  there 
is  a  change  in  frequency  to  another  amateur  band.) 

(f)  The  location  of  a  portable  or  portable-mobile  station 
at  the  time  of  each  transmission.  (This  need  be  entered  only 
once  provided  the  location  of  the  station  is  not  changed. 
However,  suitable  entry  shall  be  made  in  the  lóg  upon 
changing  location,  showing  the  type  of  vehicle  or  mobile 
unit  in  which  the  station  is  operated  and  the  approximate 
geographical  location  of  the  station  at  the  time  of  operation.) 

(g)  The  message  traffic  handled.  (If  record  Communica¬ 
tions  are  handled  in  regular  message  form,  a  copy  of  each 
message  sent  and  received  shall  be  entered  in  the  log  or  re- 
tained  on  file  for  at  least  one  year.) 

The  log  shall  be  preserved  for  a  period  of  at  least  one  year 
following  the  last  date  of  entry.  The  copies  of  record  Com¬ 
munications  and  station  log,  as  required  under  this  section, 
shall  be  available  for  inapection  upon  request  by  an  author- 
zed  Government  representative. 


SPECIAL  CONDITIONS 

12.151.  Additional  conditions  to  be  observed  by  licensee. 
An  amateur  station  license  is  granted  subject  to  the  condi¬ 
tions  imposed  in  Sections  12.152  to  12.155  inclusive,  in  addi- 
tion  to  any  others  that  may  be  imposed  during  the  term  of 
the  license.  Any  licensee  receiving  due  notice  requiring  the 
station  licensee  to  observe  such  conditions  shall  immediately 
act  in  conformity  therewith. 

12.152.  Quiet  hours.  In  the  event  that  the  operation  of  an 
amateur  station  causes  general  interference  to  the  reception 
of  broadcast  programs  with  receivers  of  modern  design,  such 
amateur  station  shall  not  operate  during  the  hours  from  8 
o’clock  p.m.  to  10:30  p.m.,  local  time,  and  on  Sunday  for  the 
additional  period  from  10:30  a.m.  until  1  p.m.,  local  time, 
upon  such  frequency  or  frequencies  as  cause  such  inter¬ 
ference. 

12.153.  Second  notice  of  same  violation.  In  every  case 
where  an  amateur  station  licensee  is  cited  a  second  time 
within  a  year  for  the  same  violation  under  Sections  12.111, 
12.113,  12.114,  12.116,  12.117,  12.132,  or  12.133,  the  Com- 
mission  will  direct  that  the  station  remain  silent  from  6 
p.m,  to  10:30  p.m.,  local  time,  until  written  notice  has  been 
received  authorizing  full-time  operation.  The  licensee  shall 
arrange  for  tests  at  other  hours  with  at  least  two  amateur 
stations  within  fifteen  days  of  the  date  of  notice,  such  tests 
to  be  made  for  the  specific  purpose  of  aiding  the  licensee  in 
determining  whether  the  emissions  of  his  station  are  in  ac- 
cordance  with  the  Commission’s  Regulations.  The  licensee 
shall  report  under  oath  to  the  Commission  at  the  conclusion 
of  the  tests  as  to  the  observations  reported  by  amateur 
licensees  in  relation  to  the  reported  violation.  Such  reports 
shall  include  a  statement  as  to  the  corrective  measures  taken 
to  insure  compliance  with  the  Regulations. 

12.154.  Third  notice  of  same  violation.  In  every  case  where 
an  amateur  station  licensee  is  cited  the  third  time  within  a 
year  for  the  same  violation  as  indicated  in  Section  12.153, 
the  Commission  will  direct  that  the  station  remain  silent 
from  8  a.m.  to  12  midnight,  local  time,  except  for  the  pur¬ 
pose  of  transmitting  a  prearranged  test  to  be  observed  by 
a  monitoring  station  of  the  Commission  to  be  designated 
in  each  particular  case.  Upon  completion  of  the  test  the  sta¬ 
tion  shall  again  remain  silent  during  these  hours  until 
authorized  bythe  Commission  toresumefuli-timeoperation. 
The  Commission  will  consider  the  results  of  the  tests  and  the 
licensee’s  past  record  in  determining  the  advisability  of  sus¬ 
pending  tne  operator  license  and/or  revoking  the  station 
license. 

12.155.  Operation  in  emergencies.  In  the  event  of  wide- 
spread  emergency  conditions  affecting  domestic  communi¬ 
cation  facilities,  the  Commission  may  confer  with  represent¬ 
aties  of  the  amateur  service  and  others  and,  if  deemed 
advisable,  will  declare  that  a  state  of  general  Communica¬ 
tions  emergency  exists,  designating  the  licensing  area  or 
areas  concerned  (in  general  not  exceeding  1000  miles  from 
center  of  the  affected  area),  whereupon  it  shall  be  incumbent 
upon  each  amateur  station  in  such  area  or  areas  to  observe 
the  following  restrictiona  for  the  duration  of  such  emer¬ 
gency  : 

(a)  No  transmissions  except  those  relating  to  relief  work 
or  other  emergency  service  such  as  amateur  nets  can  afford 
shall  be  made  within  the  1750-2050  kilocycle  or  3500-4000 
kilocycle  amateur  bands.  Incidental  calling,  testing,  or 
working,  including  casual  conversation  or  remarks  not  per¬ 
tinent  or  necessary  to  constructive  handling  of  the  general 
situation  shall  be  prohibited. 

(b)  The  frequencies  2025-2050,  3500-3520,  and  3975- 
4000  kilocycles  shall  be  reserved  for  emergency  calling 
channels,  for  initial  calls  from  isolated  stations  or  first  calls 
concerning  very  important  emergency  relief  mattera  or  ar- 
rangements.  All  stations  baving  occasion  to  use  such  chan¬ 
nels  shall,  as  quickly  as  possible,  shift  to  other  frequencies 
for  carrying  on  their  Communications. 

(c)  A  five-minute  listening  period  for  the  first  five  min- 
utes  of  each  hour  shall  be  observed  for  initial  calls  of  major 
importance,  both  in  the  designated  emergency  calling 
channels  and  throughout  the  1750-2050  and  3500-4000 
kilocycle  bands.  Only  stations  isolated  or  engaged  in  han¬ 
dling  official  traffic  of  the  highest  priority  may  continue  with 
transmissions  in  these  listening  periods,  which  must  be  ac- 
curately  observed.  No  replies  to  calls  or  resumption  of 
routine  traffic  shall  be  made  in  the  five-minute  listening 
period. 

_  (d)  The  Commission  may  designate  certain  amateur  sta¬ 
tions  to  assist  in  promulgation  of  its  emergency  announce- 
ment,  and  for  policing  the  1750-2050  and  3500-4000  kilo¬ 
cycle  bands  and  warning  non-complying  stations  noted 
operating  therein.  The  operators  of  these  observing  stations 
shall  report  fully  the  identity  of  any  stations  failing,  after 
due  notice,  to  comply  with  any  section  of  this  regulation. 
Such  designated  stations  will  act  in  an  advisory  capacity 
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when  abïe  to  provide  Information  on  emergency  circuits. 
Their  policing  authority  islimited  to  the  transmission  of  In¬ 
formation  from  responsible  official  sources,  and  full  reports 
of  non-compliance  which  may  serve  as  a  basis  for  inyestiga- 
tion  and  action  under  Section  502  of  the  Communications 
Act.  Policing  authority  extends  only  1750-2050  and 
3500-4000  kilocycle  bands.  Individual  policing  transmissions 
shall  refer  to  this  Section  by  number,  shall  specify  the  date 
of  the  Commission’s  declaration,  the  area  and  nature  of  the 
emergency,  all  briefly  and  concisely.  Policing-observer  sta¬ 
tions  shall  not  enter  into  discussions  beyond  essentials  with 
the  stations  notified,  or  other  stations. 

(e)  These  special  conditions  imposed  under  this  Section 
will  cease  to  apply  only  after  the  Commission  shall  have 
declared  such  emergency  to  be  terminated. 


12.156.  Obscenity,  indecency,  profanity.  No  licensed  radio 
operator  or  other  person  shall  transmit  Communications 
containing  obscene,  indecent,  or  profane  worde,  language, 
or  meaning. 

12.157.  False  signals.  No  licensed  radio  operator  shall 
transmit  false  or  deceptive  signals  or  Communications  by 
radio,  or  any  call  letter  or  signal  which  has  not  been  assigned 
by  proper  authority  to  the  radio  station  he  is  operating. 

12.158.  Unidentified  Communications .  No  licensed  radio 
operator  shall  transmit  unidentified  radio  Communications 
or  signals. 

12.159.  Interference.  No  licensed  radio  operator  shall 
willfully  or  maliciously  interfere  with  or  cause  interference 
to  any  radio  communication  or  signal. 


District 


UNITED  STATES  RADIO  DISTRICTS 

Territory 


Addreaa,  Radio  Inapector-in-Charge 


No.  1  The  States  of  Connecticut,  Maine,  Massachusetts,  New  Hampshire,  Rhode 
Island  and  Vermont. 

No.  2  The  counties  of  Albany,  Bronx,  Columbia,  Delaware,  Dutchess,  Greene, 
Kings,  Nassau,  New  York,  Orange,  Putnam,  Queens,  Rensselaer,  Rich- 
mond,  Rockland,  Schenectady,  Suffolk,  Sullivan,  Ulster  and  Westchester 
of  the  State  of  New  York;  and  the  counties  of  Bergen,  Essex,  Hudson, 
Hunterdon,  Mercer,  Middlesex,  Monmouth,  Morris,  Passaic,  Somerset, 
Sussex,  Union  and  Warren  of  the  State  of  New  Jersey. 

No.  3  The  counties  of  Adams,  Berks,  Bucks,  Carbon,  Ch ester,  Cumberland, 
Dauphin,  Delaware,  Lancaster,  Lebanon,  Lehigh,  Monroe,  Montgomery, 
Northampton,  Perry,  Philadelphia,  Schuylkill  and  York  of  the  State  of 
Pennsylvania ;  and  the  counties  of  Atlantic,  Burlington,  Camden,  Cape 
May,  Cumberland,  Gloucester,  Ocean  and  Salem  of  the  State  of  New 
Jersey;  and  the  county  of  Newcastle  of  the  State  of  Delaware. 

No.  4  The  State  of  Maryland ;  the  District  of  Columbia ;  the  counties  of  Arlington, 
Clark,  Fairfax,  Fauquier,  Frederick,  Loudoun,  Page,  Prince  William, 
Rappahannock,  Shenandoah  and  Warren  of  the  State  of  Virginia;  and  the 
counties  of  Kent  and  Sussex  of  the  State  of  Delaware. 

No.  5  The  State  of  Virginia  except  that  part  lying  in  District  4,  and  the  State  of 
North  Carolina  except  that  part  lying  in  District  6. 

No.  6  The  States  of  Alabama,  Georgia,  South  Carolina,  and  Tennessee;  and  the 
counties  of  Ashe,  Avery,  Buncombe,  Burke,  Caldwell,  Cherokee,  Clay, 
Cleveland,  Graham,  Haywood,  Henderson,  Jackson,  McDowell,  Macon, 
Madison,  Mitchell,  Polk,  Rutherford,  Swain,  Transylvania,  Watauga  and 
Yancey  of  the  State  of  North  Carolina. 

No.  7  The  State  of  Florida. 

No.  8  The  States  of  Arkansas,  Louisiana  and  Missisaippi;  and  the  city  of  Tex- 
arkana  in  the  State  of  Texas. 

No.  9  The  counties  of  Arkansas,  Brazoria,  Brooks,  Calhoun,  Cameron,  Chambers, 
Fort  Bend,  Galveston,  Goliad,  Harris,  Hidalgo,  Jackson,  Jefferson,  Jim 
Wells,  Kenedy,  Kleberg,  Matagorda,  Nueces,  Refugio,  San  Patricio, 
Victoria,  Wharton  and  Willacy  of  the  State  of  Texas. 

No.  10  The  State  of  Texas  except  that  part  lying  in  District  9  and  in  the  city  of 
Texarkana;  and  the  States  of  Oklahoma  and  New  Mexico. 

No.  11  The  State  of  Arizona;  the  county  of  Clarke  in  the  State  of  Nevada;  and  the 
counties  of  Imperia!,  Inyo,  Kern,  Los  Angelos,  Orange,  Riverside,  San 
Bernardino,  San  Diego,  San  Luis  Obispo,  Santa  Barbara  and  Ventura  of 
the  State  of  California. 

No.  12  The  State  of  California  except  that  part  lying  in  District  11;  the  State  of 
Nevada  except  the  county  of  Clarke. 

No.  13  The  State  of  Oregon;  and  the  State  of  Idaho  except  that  part  lying  in  Dis¬ 
trict  14. 

No.  14  The  Territory  of  Alaska ;  the  State  of  Washington;  the  counties  of  Benewah, 
Bonner,  Boundary,  Clearwater,  Idaho,  Kootenai,  Latah,  Lewis,  Nez 
Perce  and  Shoshone  of  the  State  of  Idaho;  the  counties  of  Beaverhead, 
Br oad  water,  Cascade,  Deerlodge,  Flathead,  Gallatin,  Glacier,  Granite, 
Jefferson,  Lake,  Lewis  &  Clark,  Lincoln,  Madison,  Meagher,  Mineral, 
Missoula,  Pondera,  Powell,  Ravalli,  Sanders,  Silver  Bow,  Teton  and 
Toole  of  the  State  of  Montana. 

No.  15  The  States  of  Colorado,  Utah  and  Wyoming;  and  the  State  of  Montana 
except  that  part  lying  in  District  14. 

No.  16  The  States  of  North  Dakota,  South  Dakota  and  Minnesota;  the  counties  of 
Alger,  Baraga,  Chippewa,  Delta,  Dickinson,  Gogebic,  Houghton,  Iron, 
Keweenaw,  Luce,  Mackinac,  Marquette,  Menominee,  Ontonagon  and 
Schoolcraf t  of  the  State  of  Miehigan ;  and  the  State  of  Wisconain  except 
that  part  lying  in  District  18. 

No.  17  The  States  of  Nebraska,  Kansas  and  Missouri ;  and  the  State  of  Iowa  except 
that  part  lying  in  District  18- 

No.  18  The  States  of  Indiana  and  Illinois;  the  counties  of  Allamakee,  Buchanan, 
Cedar,  Clayton,  Clinton,  Delaware,  Des  Moines,  Dubuque,  Fayette, 
Henry,  Jackson,  Johnson,  Jones,  Lee,  Linn,  Louisa,  Muscatine,  Scott, 
Washington  and  Winneshiek  of  the  State  of  Iowa;  the  counties  of  Colum¬ 
bia,  Crawford,  Dane,  Dodge,  Grant,  Green,  Iowa,  Jefferson,  Kenosha, 
Lafayette,  Milwaukee,  Ozaukee,  Racine,  Richland,  Rock,  Sauk,  Wal- 

xt  ^T>^?f0Zth•  Washington  and  Waukesha  of  the  State  of  Wisconsin. 

No.  19  The  State  of  Miehigan  except  that  part  lying  in  District  16;  the  States  of 
Ohio,  Kentucky  and  West  Virginia. 

No.  20  The  State  of  New  York  except  that  part  lying  in  Distriot  2,  and  the  State 
of  Pennsylvania  except  that  part  lying  in  District  3. 

xt  T?e  Territory  of  Hawaii,  Guam  and  American  Samoa. 

No,  22  Puerto  Rico  and  Virgin  Islanda. 


Cu8tomhouse,  Boston,  Mass. 

Federal  Building,  641  Washington 
St.,  New  York,  N.  Y. 


Room  1200,  U.  S.  Customhouse, 
Second  and  Chestnut  Sts.,  Phila¬ 
delphia,  Pa. 


Fort  McHenry,  Baltimore,  Md. 


402  New  Post  Office  Bldg.,  Norfolk, 
Va. 

411  Federal  Annex,  Atlanta,  Ga. 


314  Federal  Bldg.,  Miami,  Fla. 

326  Customhouse,  New  Orleans,  La. 

404-406  Federal  Bldg.,  Galveston, 
Tex. 


302  U.  S.  Terminal  Annex  Bldg., 
Dallas  Tex. 

1749  Federal  Bldg.,  Los  Angeles,  Calif. 


328  Customhouse,  San  Francisco, 
Calif. 

207  New  U.  S.  Courthouse  Bldg., 
Portland,  Ore. 

808  Federal  Office  Building,  Seattle, 
Wash. 


504  Customhouse,  Denver,  Colo. 

208  Uptown  P.  O.  and  Federal  Courts 
Bldg.,  St.  Paul,  Minn. 


927  U.  S.  Courthouse,  Kansas  City, 
Mo. 

246  U.  S.  Courthouse  Bldg.,  Chieago, 

111. 


1025  New  Federal  Bldg.,  Detroit, 
Mich. 

518  Federal  Building,  Buffalo,  N.  Y. 

Aloha  Tower,  Honolulu,  T.  H. 

303  Ochoa  Bldg.,  San  Juan,  P.  R. 
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12.160.  Damage  to  apparatua .  No  licenaed  radio  operator 

shall  willfully  damage,  or  cause  or  permit  to  be  damaged, 

any  radio  apparatus  or  inatallation  in  any  licensed  radio 
station. 

.  12.161.  Fraudulent  licmaet.  No  licensed  radio  operator 
or  other  person  shall  obtain  or  attempt  to  obtain,  or  assist 
another  to  obtain  or  attempt  to  obtain,  an  operator  license 
by  fraudulent  means. 

•  TEMPORARY  ORDERS  AFFECTING 
AMATEUR  REGULATIONS 

Because  of  the  international  situation,  the 
F.C.C.  in  June,  1940,  forbade  amateurs  to 
exchange  Communications  “with  operators  or 
radio  stations  of  any  foreign  government  or 
located  in  any  foreign  country,”  except  that  it 
does  not  apply  between  Continental  United 
States  and  “United  States  citizens  authorized 
to  operate  amateur  radio  stations  in  the 
Philippine  Islands  or  Canal  Zone.”  Com- 
munication  between  F.C.C.-licensed  amateurs 
in  the  United  States  and  all  its  possessions  and 
territories  is  all  right,  but  it  should  now  be 
remembered  that  all  foreign  communication 
by  U.  S.  amateurs  is  temporarily  forbidden. 
Another  order,  also  effective  until  further 


notice,  prohibits  portable  and  portable-mobile 
operation  on  frequencies  below  30  Mc.,  except 
during  domestic  communication  emergencies 
when  normal  facilities  are  inadequate  or  non- 
existent,  and  except  for  the  testing  and  devel- 
opment  of  self-powered  emergency  equipment 
during  the  daylight  hours  of  Saturday  and 
Sunday  of  each  week,  upon  48  hours’  advance 
notice  to  the  F.C.C.  inspector  in  charge  of  the 
district.  The  portable  order  does  not  affect 
the  normal  operation  of  Section  12.93  of  the 
regulations,  however,  although  it  should  be 
noted  that  Section  12.93  does  not  refer  to 
portable  equipment  but  merely  the  use  of 
portable  operating  procedure  for  the  operation 
of  a  station’s  normal  fixed  equipment  under 
certain  conditions. 

None  of  the  orders  here  mentioned  are 
actual  changes  in  the  regulations;  the  regula¬ 
tions  reraain  the  same  but  these  orders  tempo- 
rariiy  affect  the  operation  of  some  of  them. 
Amateurs  should  read  QST  each  month  to 
keep  posted  on  modification  of  the  above 
orders,  or  details  of  any  new  ones. 
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AMATEUR  RADIO  OF  TO-DAY  IS  THE 
RESULT  OF  THE  EFFORTS  OF  A.R.R.L. 


For  Twenty-six  Years 

the  A.R.R.L.  has  been  the  organized  body  of  amateur  radio,  its 
representative  in  this  country  and  abroad,  its  champion  against  attack 
by  foreign  government  and  American  commercial,  its  leader  in  tech- 
nical  progress. 


To : 

Save  yourself  50c  a  year  (newsstand 
copies  of  QST  cost  $3). 

Be  sure  of  getting  your  copy  of  QST 
first. 

Be  sure  of  getting  your  copy  of  QST 
(newsstands  are  often  sold  out). 

Be  eligible  for  appointment  or  elec- 
tion  to  A.R.R.L.  offices. 

Be  eligible  to  sign  petitions  for  your 
Director,  your  representative  on 
the  A.R.R.L.  Board. 


Be  eligible  to  vote  for  Director  and 
Section  Comm.  Manager  (only 
A.R.R.L.  members  receive  bal- 
lots). 

Lend  the  strength  of  your  support  to 
the  organization  which  represents 
YOU  at  all  important  radio  con¬ 
ferences. 

Have  YOUR  part  in  the  A.R.R.L., 
which  has  at  heart  the  welfare  of 
all  amateurs. 


JOIN  THE  LEAGUE! 

AMERICAN  RADIO  RELAY  LEAGUE 
West  Hartford,  Conn.,  U.  S.  A. 

I  hereby  apply  for  membership  in  the  American  Radio  Relay  League,  and  enclose  $2.50 
($3.00  outside  of  the  United  States  and  its  Possessions)  in  payment  of  one  year's  dues,  $1.25 
of  which  is  for  a  subscription  to  OST  for  the  same  period.  Please  begin  my  subscription  with  the 
. issue.  Mail  my  Certificate  of  Membership  and  send  OST  to  the  following: 


Name . 

Street  or  Box 


City  and  State 


T o  Handbook  Readers  Who  Are  Already  A.R.R.L.  M embers: 

TpOR  members  who  hold  amateur  licenses,  wbo  are  interested  in  radio  activities  and  Communica¬ 
tions  Department  operating  work  (explained  fully,  Chapter  31),  here  is  an  application 
blank  which  may  be  filled  out  for  appointment  as  either  Official  Relay  Station  (for  telegrapbing 
members)  or  Official  Phone  Station  (for  voice  opera ted  member-stations).  Copy  tbis,  or  cut  and 
fill  it  out,  and  send  it  direct  to  your  Section  Communications  Manager  (address  in  QST)  or  to 
A.R.R.L.  Headquarters,  38  LaSalle  Road,  West  Hartford,  Conn.,  for  routing  to  tbe  proper  S.C.M. 
for  attention  if  you  are  interested. 

The  Communications  Department  field  organization  includes  only  the  United  States  and  its 
territories,  and  Canada,  Newfoundland,  Labrador,  Cuba,  and  the  Philippine  Islands.  Foreign 
applications,  that  is,  those  from  outside  these  areas,  cannot  be  handled. 


APPLICATION  FOR  APPOINTMENT  AS  OFFICIAL . STATION 

(Relay  or  PhoneT) 


Tos  Section  Communications  Manager 


Section,  A.R.R.L. 


Name . Call . 

Street  and  Nvmber . Date 


City . State . County . 

Transmilting  frequencies: . kilocycles 


My  membership  in  the  A.R.R.L.  expires . 

raontb  year 


In  matting  application  for  appointment  as  Official 
Relay  Station,  I  agree: 

- to  obey  the  radio  communication  laws  and  regu- 

lations  of  the  country  under  which  this  station  is 
licensed,  particuiarly  with  respect  to  quiet  hours  and 
observance  of  our  frequency  allocations. 

- to  send  monthly  reports  of  station  activities  to  the 

Section  Communications  Manager  under  whose  juris- 
diction  this  station  comes. 

- to  handle  messages  in  accordance  with  good  oper¬ 
ating  procedure,  delivering  messages  within  forty-eight 
(48)  hours  when  possible,  mailing  to  destination  when- 
ever  impossible  to  relay  to  the  next  station  in  line 
within  a  48-hour  period. 

- -to  participate  in  every  A.R.R.L.  communication 

activity  to  the  best  of  my  abilitv,  always  trying  to  live  up 
to  those  ideals  set  forth  in  “The  Amateur’s  Code.” 


In  making  application  for  appointment  as  Official 
Phone  Station,  I  agree: 

- to  obey  the  radio  communication  laws  of  the 

country  under  which  my  station  is  licensed,  particuiarly 
with  respect  to  the  regulations  governing  quiet  hours 
and  frequencies. 

- to  send  monthly  reports  of  station  activities  to  the 

Section  Communications  Manager  under  whose  juris- 
diction  this  station  comes;  to  use  such  operating  pro¬ 
cedure  as  may  be  adopted  by  the  O.P.S.  group;  to  test 
outside  busy  operating  hours  or  using  dummy  antennas. 

- to  handle  such  messages  as  may  come  to  me,  as 

accurately,  promptly  and  reliably  as  possible. 

— —  to  participate  in  all  amateur  communication 
activities  to  the  best  of  my  ability,  always  trying  to  live 
up  to  those  ideals  set  forth  in  “The  Amateur’s  Code” 
and  to  carry  on  amateur  operation  in  a  constructive  and 
unselfish  spirit. 

- to  use  circuits  and  adiustments  that  avoid  frequency 

modulation  and  over  modulation  by  proper  transmitter 
adjustment  (accomplished  by  use  of  proper  indicating 
devices)  to  avoid  causing  interference  unnecessarily. 


I  onderstand  that  this  appointment  requires  annual  endorsement, 
and  also  may  be  suspended  or  cancelled  at  the  discretion  of  the  Section 
Communications  Manager  for  violation  of  the  agreement  set  forth  above 


Please  send  detailed  forrns  to  submit  in  connection  with  this  application. 


Signed 


Jhe 

Qatalog  Section 

☆  ☆  ☆ 

In  the  following  pages  is  a  catalog- 
file  of  products  of  the  principal  manu- 
facturers  who  serve  the  short-wave 
field.  Appearance  in  these  pages  is 
by  invitation-space  has  been  sold 
only  to  those  dependable  firms  whose 
established  integrity  and  whose  prod¬ 
ucts  have  met  with  the  approval  of 
the  American  Radio  Relay  League. 
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"Velvet  Vernier"  Dial,  Type  B, 
has  a  compact  variable  ratio  6  to  1 
minimum,  20  to  1  maximum  drive 
that  is  smooth  and  trouble  free. 
An  illuminator  is  availabl'e.  The 
case  is  black  bakelite.  1  or  5  scale. 
4"  diam.  Fits  Va"  shaft. 

B  Dial  List  $2.75 

llluminator,  extra  List  $.50 


The  BM  Dial  is  a  smaller  version 
of  the  B  Dial  (described  in  the  op- 
posite  column)  for  use  where 
space  is  limited.  The  drive  ratio  is 
fixed.  Although  small  in  size,  the 
BM  Dial  has  the  same  smooth  ac- 
tion  as  the  larqer  units.  1  or  5 
scale.  3"  diam.  Fits  Va”  shaft. 

BM  Dial  List  $2.50 


PRECISION 
4"  DIAL 

The  four-inch  NY  Di<sl  is 

similar  to  the  NW  Dial 
except  for  size.  Scales  are 
engine  divided  on  solid. 
nickel  silver.  A  flush  ver¬ 
nier  and  a  variable  ratio 
drive  are  provided.  2,  3,  4 
or  5  scale.  Fits  Va"  shaft. 
NY  Dial  List  $8.00 


The  four-inch  N  Dial  has  an  engine 
divided  scale  and  vernier  of  solid 
nickel  silver.  The  vernier  is  flush 
with  the  scale.  The  planetary 
drive  has  a  ratio  of  5  to  1,  and  is 
contained  within  the  body  of  the 
dial.  2,  3,  4  or  5  scale.  Fits  Va" 
shaft. 

N  Dial  List  $6.75 


The  original  black  bakelite  “Vel¬ 
vet  Vernier"  Dial,  Type  A,  is  still 
an  unchallenged  favorite  for  gen- 
eral  purpose  use.  The  planetary 
drive  hasa  ratio  of  5  to  1.  In  4  inch 
diameter  with  2,  4  or  5  scale,  and 
in  3%  inch  diameter  with  2  scale. 
Fits  Va"  shaft. 

A  Dial  List  $3.00 


NATIONAL  DIALS 


PRECISION  Ulif 
6"  DIAL  NW 

The  six-inch  NW  Dial  has 

an  engine  divided  scale 
and  vernier  of  solid  nickel 
silver.  The  vernier  is  flush 
with  the  scale.  The  variable 
ratio  drive  is  unusually 
powerful  at  all  settings. 
2,  3,  4  or  5  scale.  Standard 
Dial  fits  Vb'  shaft.  Va"  shaft 
on  request. 

NW  Dial  List  $15.00 


TYPE  R 

List  $:75 


TYPE  O 
List  $1.50 


TYPE  K 
List  $1 .50 


TYPE  L 
List  $2.50 


TYPE  M 
List  $2.50 


Etched  nickel-iilver 
dial-  1  */z  Dia,  Nof 
insulated  ff  om  shaft. 


Etched  nickel-cilver 
dial,  3ViM  Dia.  In- 
svlated  from  shaft. 


Etched  nickel-sïlver 
dial,  3VV*  Dia. 
Vernier  drive. 


Etched  ftickel-silver 
dial,  5"  Dia.  In- 
sulafed  ftom  shaft. 


Etched  nickel-silver 
dial,  5"  Dia.  Vernier 
drive. 


HRK  (Fits  14"  shaft)  List  $.85 

Black  bakelite  knob  diem. 

HRP-P  (Fits  Va"  shaft)  List  $.35 

Black  bakelite  knob  114"  long  and  W  wi de. 
Equipped  with  pointer. 


ODL  List  $.50 

A  locking  device  which  clamps  the  rim  of  O,  K, 

L  and  M  Dials.  Brass,  nickel  plated. 

ODD  List  $.60 

Vernier  drive  for  O,  K,  L,  M  or  other  plain  dials. 

SB  (Fits  Va"  shaft)  List  $.25 

A  nickel  plated  brass 
bushing  Vq"  dia. 

RSL  (Fits  Va"  shaft) 

List  $.85 
Rotor  Shaft  Lock  for 
TMA,  TMC  and  similar 
condensors. 


HRP  List  $.25 

The  Type  HRP  knob  has 
no  pointer,  but  is  other- 
wise  the  same  as  the 
knob  above. 


DIAL  SCALES 


Direction  of  Condenser  Rotation 
Rotation  lor  increase  of  dial  reading 

1 80"  Eilher 

180°  Counter  Oockwise 
180°  Clockwise 
270°  Clockwise 
3óü°  OoclcwNe 
2 7 0“  Counier  C'ockwise 


NATIONAL  PRECISION  CONDENSERS 


The  Micrometer  dial  reads  direct  to 
one  part  in  500.  Division  lines  are  ap- 
proximately  14"  apart.  The  dial  revolves 
ten  times  in  covering  the  tuning  range, 
and  the  numbers  visible  through  the 
small  Windows  change  every  revolu- 
tion  to  give  consecutive  numbering  by 
tens  from  0  to  500.  The  condenser  is  of 
extremely  rigid  construction,  with  four 
hearings  on  the  rotor  shaft.  The  drive, 
at  the  mid-point  of  the  rotor,  is  through 
an  enclosed  preloaded  worm  gear 
with  20  to  1  ratio.  Each  rotor  is  indi- 
vidually  insulated  from  the  frame,  and 
each  has  its  own  individual  rotor  con¬ 
tact,  of  the  multi-fingered  brush  type. 

Stator  insulation  is  Steatite. 

PW  Ganged  Condensers  are  avail- 
able  in  2,  3  or  4  sections,  in  either 
1Ó0  or  225  mmf  per  section.  Larger 
capacities  cannot  be  supplied. 

A  single-section  PW  condenser  with  grounded  rotor  is  supplied 
in  capacities  of  150,  200,  350  and  500  mmf,  single  spaced,  and 
capacities  up  to  125  mmf,  doublé  spaced.  Plate  snape  is  straight- 
line-frequency  when  the  frequency  range  is  2:1. 

PW  condensers  and  drives  are  all  with  rotor  shaft  parallel  to 
the  panel. 


PW-1,  Single  Section  List  SI  5.00 
PW-2,  Two  Section  List  $20.00 
PW-3,  Three  Section  List  S24.00 
PW-4,  Four  Section  List  $27.50 


NOTE:  When  ordering  specify  eapacity  per  section  and  desired  position  right  or  left  of  dial 


GEAR  DRIVE  UNITS 

With  micrometer  dial 

NPW-O  List  $10.50 

Uses  parts  similar  to  the  NPW  condenser.  Drive 
shaft  perpendicular  to  panel.  One  TX-9  coupling 
supplied. 

PW-O.  List  $13.50 

Uses  parts  similar  to  the  PW  condenser.  Drive  shaft 
parallel  to  panel.  Two  TX-9  couplings  supplied. 


NPW  MODELS 

With  micrometer  dial 

NPW-3.  Three  sections,  each  225  mmf. 

List  $24.50 

NPW-X.  Three  sections,  each  25  mmf. 

List  $20.00 

Both  condensers  are  similar  to  PW  models,  except 
that  rotor  shaft  is  perpendicular  to  panel. 


NATIONAL  RECEIVING  CONDENSERS 


Capacity 

Minimum 

Capacitv 

No.  of 
Platei 

Air  Gap 

Catalog 

Symbol 

List 

15  Mmf. 

1.5 

6 

.017" 

UM-  15 

SI  .25 

35 

2.5 

12 

.017" 

UM.  35 

1.50 

50 

3 

16 

.017" 

UM-  50 

1.60 

75 

3.5 

22 

.01 7" 

UM-  75 

1.70 

100 

4.5 

28 

.017" 

UM-100 

1.90 

25 

3.4 

14 

.050" 

UMA-  25 

1.85 

BALANCED  STATOR  MODEL 

25 

2 

4-4-4 

.017" 

UMB-  25 

SI  .85 

The  UM  CONDENSER,  designed  for  ultra  high  frequency  use 
is  small  enough  for  convenient  mounting  in  our  square  shield 
cans.  Shaft  extensions  at  each  end  of  the  rotor  permit  easy  gang- 
ing  when  used  with  one  of  our  flexible  couplings.  The  UMB-25 
Condenser  is  a  balanced  stator  model,  two  stators  act  on  a  single 
rotor.  The  UM  can  be  mounted  by  the  angle  foot  supplied  or  by 
bolts  and  spacers. 


TYPE  UM 

STRAIGHT-LINE  CAPACITY 
180“  Rotation 

Dimeniioni:  Base  1 "  x  Ï’A" 
Mounting  Holes:  5/a"  x  1 23Ai" 
Overall  Lengtb:  S’/a" 
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NATIONAL  RECEIVING  CONDENSERS 


TYPE  ST 

(Typ*  STD  lllustrtted) 

STRAIGHT-UNE 
WAVELENGTH 
1  80°  Rotition 


*4Qiïf[f(k  //,,  /  J 
r^ÊL  " 

M$m  L 

I 

V 

V 


Capacity 

Minimum 

Capacity 

No.  of 
Plates 

Air  Gap 

Length 

Catalog 

Symbol 

LM 

SINGLE  BEARING  MODELS 

15  Mmf. 

3  Mmf. 

3 

.018" 

IMe" 

STHS-  15 

SI  .40 

25 

3.25 

4 

.018" 

iy,6" 

STHS-  25 

1.50 

50 

3.5 

7 

.018" 

w 

STHS-  50 

1.60 

DOUBLÉ  BEARING  MODELS 

35  Mmf. 

6  Mmf. 

9 

.026" 

FA" 

ST-  35 

SI  .50 

50 

7 

11 

.026" 

FA" 

ST-  50 

1.80 

75 

8 

15 

.026" 

FA" 

FA" 

ST-  75 

2.00 

100 

9 

20 

.026" 

SM  00 

2.25 

140 

150 

10 

28 

.026" 

lïï" 

ST-140 

2.50 

10.5 

29 

.026" 

ST-150 

2.50 

200 

12.0 

27 

.018" 

9W' 

STH-200 

2.75 

250 

13.5 

32 

.018" 

FA" 

FA" 

FA" 

STH-S50 

3.00 

300 

15.0 

39 

.018" 

STH-300 

3.25 

335 

17.0 

43 

.018" 

STH-335 

3.50 

SPLIT  STATOR  DOUBLÉ  BEARING  MODELS 

50-50 

5-5 

11-11 

.026" 

o  2/A,f 

STD-  50 

S3.50 

100-100 

5.5-55 

14-14 

.018" 

FA" 

STHD-100 

4.50 

NOTE  —  Type  SS  CondenserSf 

having  straight-line-capacity  plates 
but  otherwise  similar  to  the  Type 
ST,  are  available.  Capacities  and 
Prices  same  as  Type  ST. 

The  ST  Type  condenser  has  Strai ght-Line  Wavelength  plates.  All  double-bearing  models 
have  the  front  bearing  insulated  to  prevent  noise.  On  special  order  a  shaft  extension  at 
each  end  is  available,  for  ganging.  On  double-bearing  single  shaft  models,  the  rotor  con¬ 
tact  is  through  a  constant  impedance  pigtail.  Isolantite  insulation. 


TYPE  SE 

(Type  SEU  llluitrated) 

STRAIGHT-LINE 
FREQUENCY 
270  Rotation 


Capacity 

Minimum 

Capacity 

No.  of 
Platei 

Air  Gap 

Length 

Catalog 

Symbol 

LM 

15  Mmf. 

7  Mmf. 

6 

.055" 

FA" 

SEU-  15 

S3.50 

20 

7.5 

8 

.055" 

FA" 

SEU-  20 

2.75 

25 

8 

9 

.055" 

FA" 

SEU-  25 

2.75 

50 

9 

11 

.026" 

FA" 

SE-  50 

2.25 

75 

10 

15 

.026" 

FA" 

SE-  75 

2.50 

100 

11.5 

20 

.026" 

FA" 

SE-100 

2.75 

150 

13 

29 

.026" 

FA" 

SE-150 

3.00 

200 

12 

27 

.018" 

FA" 

SEH-200 

3.00 

250 

14 

32 

.018" 

9Va” 

SEH-250 

3.25 

300 

16 

39 

.018" 

FA" 

SEH-300 

3.25 

335 

17 

43 

.018" 

FA” 

SEH-335 

3.50 

TYPE  SE  —  All  models  have  two  rotor  hearings,  the  front  bearing  being  insulated  to 
prevent  noise.  A  shaft  extension  at  each  end,  for  ganging,  is  available  on  special  order. 
On  models  with  single  shaft  extension,  the  rotor  contact  is  through  a  constant  impedance 
pigtail.  The  SEU  models  Ci I lustrated)  are  suitable  for  high  voltages  as  their  plates  are  thick 
polished  aluminum  with  rounded  edges.  OtherSE  condensers  do  not  have  polished  edges 
on  the  plates.  Isolantite  insulation. 


Capacity 

Minimum 

Capacity 

Length 

Air  Gap 

No.  et 
Plalai 

Catalog 

Symbol 

LM 

15  Mmf. 

3.5 

m" 

.045" 

.045" 

.045" 

5 

EX-  15 

S  .85 

25 

3.75 

W' 

7 

EX-  25 

.85 

35 

3.75 

IMs" 

10 

EX-  35 

1.00 

50 

4 

W' 

IMe" 

.017" 

6 

EX-  50 

.90 

100 

4.75 

.017" 

12 

EX-100 

1.00 

140 

5.5 

W' 

.017" 

15 

EX-140 

1.25 

The  National  "Experimenter"  Type  Condensers  are  low-priced  models  for  general  ex- 
perimental  work.  They  are  of  all-brass  construction.  The  rotor  has  only  one  bearing.  Plates 
can  be  removed  without  difficulty.  Bakelite  insulation. 


NATIONAL  GENERAL  PURPOSE  CONDENSERS 


National  EMC  Condensers  are  made  in  large  sizes  for  general 
purpose  uses.  They  are  similar  in  construction  to  the  T MC  Trans- 
mitting  condenser,  and  have  high  efficiency  and  rugged  frames. 
Insulation  is  Isolantite,  and  Peak  Voltage  Rating  is  1000  Volts. 
Plate  shape  is  Straight-Une  Wavelength. 

NATIONAL  PADDING 

US  —  See  tdble  —  Type  US  condensers  are  small,  compact,  low- 
loss  units.  Their  soldered  construction  makes  them  particularly 
suitable  for  applications  where  vibration  is  present,  Adjustment  is 
made  with  a  screw  driver.  Steatite  base. 

USE  —  See  table  —  Type  USE  condensers  are  similar  to  Type  US, 
but  are  provided  with  a  V4"  diameter  shaft  extension  at  each  end. 

USL  —  See  table  —  Type  USL  condensers  are  similar  to  Type  US, 
but  are  provided  with  a  rotor  shaft  lock,  so  that  the  rotor  can  be 
clamped  at  any  setting. 

M-30  List  $.30 

Type  M-30  is  a  small  adjustable 
mica  condenser  with  a  maximum 
capacity  of  30  mmf.  Dimensions 
x  Sfjg"  x  y<ï".  Isolantite 

base. 


W-75,  75  mmf.  List  S2.25 

W-100,  100  mmf.  List  $2.50 
Small  padding  condensers  hav- 
ing  very  low  temperature  co¬ 
ëfficiënt  mounted  in  an  alumi- 
num  shield  1%"  in  diameter. 


NC-600U  List  $.55 

With  sttndoff  insu  lat  or 

NC-600  List  $.45 

Without  insuUtor 

The  NC-Ó00  and  NC-Ó00U  are  for 
neutrafizing  low  power  beam  tubes 
requiring  from  .5  to  4  mmf,  and  1500 
ma*,  total  volts  such  as  the  6L6.  The 
NC-6Q0U  is  supplied  with  a  GS-10 
standoff  insulator  screwed  on  one 
end,  which  may  be  removed  for  pig- 
tail  mounting. 


STN  List  $2.00 

The  Type  STN  neutralizing  con¬ 
denser  has  a  maximum  capacity  of  18 
mmf  (3000  V),  making  it  suitable  for 
such  tubes  as  the  10  and  45.  It  is 
supplied  with  two  standoff  insulators. 


TCN  List  $4.00 

The  Type  TCN  neutralizins  con¬ 
denser  is  similar  to  the  TMC.  Il  has 
a  maximum  capacity  of  25  mmf  (6000 
V),  making  it  suitable  for  the  203A, 
211  and  similar  tubes. 


NC-800  List  $3.00 

The  NC-800  disk-type  neutralizing 
condenser  is  suitable  for  the  RCA- 
800,  35T,  HK-54  and  similar  tubes. 
It  is  equipped  with  a  micrometer 
thimble  and  clamp.  The  chart  below 
gives  capacity  and  air  gap  for  differ¬ 
ent  settings. 


NC-75  List  $4.00 

For  757  ,  808,  811,  812  &  similar 
tubes. 

NC-150  List  $6,50 

For  HK354,  2K36,  300T,  852,  etc. 

NC-500  List  $12.50 

For  WE-251,  450TH,  450TL,  750TL, 

etc. 

These  larger  disk-type  neutralizing 
condensers  are  for  th©  higher  pow- 
ered  tubes.  Disks  are  aluminum,  in¬ 
sulation  steatite. 


NATIONAL 


NEUTRALIZING  CONDE 


Capacity 

Minimum 

Capacity 

No.  of 
Plates 

Length 

Catalog 

Symbol 

List 

150  Mmf. 

9 

9 

4" 

EMC-150 

$3.25 

250 

11 

14 

S»%" 

2W 

EMC-250 

3.75 

350 

12 

20 

EMC-350 

4.25 

500 

16 

27 

4%" 

EMC-500 

4.75 

1000 

22 

55 

63/4" 

EMC-1000 

7.25 

SPL1T-STATOR  MODEL 

350-350 

12-12 

20-20 

6" 

EMCD-350 

$7.50 
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NATIONAL  TRANSMITTING  CONDENSERS 


TYPE  TMS 

is  a  condenser  designed  for  transmitter  use  in 
low  power  stages.  It  is  compact,  rigid,  and  de- 
pendable.  Provision  has  been  made  for  mount- 
ing  either  on  the  panel,  on  the  chassis,  or  on 
two  stand-off  insulators.  Insulation  is  Isolantite. 
Voltage  ratings  listed  are  conservative. 


Capacity 

Minimum 

Length 

Air  Gap 

Pealc 

No.  of 

Catalog 

List 

Capacity 

Voltage 

Plates 

Symbol 

Price 

SINGLE  STATOR  MODELS 

100  Mmf. 

9.5 

3" 

.026" 

lOOOv, 

10 

TMS-100 

$2.50 

150 

11 

3” 

.026" 

lOOOv. 

14 

TMS-150 

2.75 

250 

13.5 

3" 

.026" 

lOOOv. 

23 

TMS-250 

3.00 

300 

15 

3" 

.026" 

lOOOv. 

27 

TMS- 300 

3.60 

35 

8 

3" 

.065" 

2000v. 

8 

TMSA-35 

3.00 

50 

11 

3" 

.065" 

2000v. 

11 

TMSA-50 

3.25 

DOUBLÉ  STATOR  MODELS 

50-50  Mmf. 

6-6 

3" 

.026" 

lOOOv. 

5-5 

TMS-50D 

$3.75 

100-100 

7-7 

3" 

.026" 

lOOOv. 

9-9 

TMS-100D 

4.50 

50-50 

10.5-10.5 

3" 

.065" 

200 Ov. 

11-11 

TMSA-50D 

4.00 

TYPE  TMH 

features  very  compact  construction,  excellent 
power  factor,  and  aluminum  plates  .040"  thick 
with  polished  edges.  It  mounts  on  the  panel 
oron  removable  stand-off  insulators.  Isolantite 
insulators  have  long  leakage  path.  Stand-offs 
included  in  listed  price. 


Capacity 

Minimum 

Capacity 

Length 

Air  Gap 

Peak 

Voltage 

No.  of 
Plates 

Catalog 

Symbol 

List 

SINGLE  STATOR  MODELS 

50  Mmf. 

9 

33/4" 

33,4" 

.085" 

3500v. 

15 

TMH-50 

$3.50 

75 

11 

.085" 

3500v. 

19 

TMH-75 

4.00 

100 

12.5 

5  Vs" 

6  Vf 

.085" 

3500v. 

25 

TMH-100 

4.75 

150 

18 

.085" 

3500v. 

37 

TMH-150 

6.00 

35 

11 

5V&" 

.180" 

6500v. 

17 

TMH-35A 

5.25 

DOUBLÉ  STATOR  MODELS 

35-35  Mmf. 

6-6 

334" 

.085" 

3500v. 

9-9 

TMH-35D 

$5.50 

50-50 

8-8 

5V&" 

6V2" 

.085" 

3500v. 

13-13 

TMH-50D 

6.00 

75-75 

11-11 

.085" 

3500v. 

19-19 

TMH-75D 

7.25 
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NATIONAL  TRANSMITTING  CONDENSERS 


V 


TYPE  TMK 

is  a  new  condenser  for  exciters  and  low  power 
transmitters.  Special  provision  has  been  made  for 
mounting  AR-16  coils  in  a  swivel  plug-in  mount 
on  either  the  top  or  rear  of  the  condenser,  (see 
page  11).  For  panel  or  stand-off  mounting.  Isolan- 
tite  insulation. 


Capacity 

Minimum 

Capacity 

Length 

Air  Gap 

Peak 

Voltage 

No.  of 
Plates 

Catalog 

Symbol 

List 

Price 

SINGLE  STATOR  MODELS 

35  Mmf. 

7.5 

91W' 

.047" 

1 500v. 

7 

TMK-35 

$3.25 

50 

8 

.047" 

1 500v. 

9 

TMK-50 

3.50 

75 

9 

21  Kb" 

.047" 

1 500v. 

13 

TMK-75 

3.75 

100 

10 

3" 

.047" 

1 500v. 

17 

TMK-100 

4.00 

150 

10.5 

3%" 

.047" 

1500v. 

25 

TMK-150 

4.50 

200 

11 

4  Va" 

.047" 

1 500v. 

33 

TMK-200 

5.00 

250 

11.5 

4%" 

.047" 

1500v. 

41 

TMK-250 

5.50 

DOUBLÉ  STATOR  MODELS 

35-35  Mmf. 

7. 5-7.5 

3" 

.047" 

1 500v. 

7-7 

TMK-35D 

$5.25 

50-50 

8-8 

3Va" 

.047" 

1 500v. 

9-9 

TMK-50D 

5.75 

100-100 

10-10 

4  Va" 

.047" 

1 500v. 

17-17 

TMK-1Q0D 

7.25 

Fxtra  for  Swivel  Mounting  Hardware  for  AR  16  Coils 

.15 

TYPE  TMC 

is  designed  for  use  in  the  power  stages  of  transmitters  where 
peak  voltages  do  not  exceed  3000.  The  frame  is  extremely 
rigid  and  arranged  for  mounting  on  panel,  chassis  or  stand- 
off  insulators.  The  plates  are  aluminum  with  buffed  edges. 
Insulation  is  Isolantite.  The  stator  in  the  split  stator  models  is 
supported  at  both  ends. 


Capacity 

Minimum 

Capacity 

Length 

Air  Gap 

Peak 

Voltage 

No.  of 
Plates 

Catalog 

Symbol 

List 

Price 

SINGLE  STATOR  MODELS 

50  Mmf. 

10 

3" 

.077" 

3000v. 

7 

TMC-50 

$4.00 

100 

13 

31/9" 

.077" 

3000v. 

13 

TMC-100 

4.50 

150 

17 

45/|" 

.077" 

3000v. 

21 

TMC-150 

5.25 

250 

23 

ó" 

.077" 

3000v, 

32 

TMC-250 

6.00 

300 

25 

63/4" 

.077" 

3000v. 

39 

TMC-300 

6.50 

DOUBLÉ  STATOR  MODELS 

50-50  Mmf. 

9-9 

4%" 

.077" 

3000v. 

7-7 

TMC-50D 

$6.50 

100-100 

11-11 

634" 

.077" 

3000v. 

13-13 

TMC-100D 

7.50 

200-200 

18.5-18.5 

9!4" 

.077" 

3000v. 

25-25 

TMC-200D 

10.00 
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NATIONAL  TRANSMITTING  CONDENSERS 


TYPE  TMA 

is  a  larger  model  of  the  popular  TMC  The  frame  is  ex- 
tremely  rigid  and  arranged  for  mounting  on  panel,  chassis 
o r  stand-off  insulators.  The  plates  are  of  heavy  aluminum 
with  rounded  and  buffed  edges.  Insulation  is  Isolantite, 
located  outside  of  the  concentrated  field. 


Capacity 

Minimum 

Capacity 

Length 

Air  Gap 

Peak 

Voltage 

No.  of 
Plat« 

Cafalog 

Symbol 

List 

Piice 

SINGLE  STATOR  MODELS 

300  Mmf. 

50 

100 

150 

230 

100 

150 

50 

100 

19.5 

15 

19.5 

22.5 

33 

30 

40.5 

21 

37.5 

4V' 

4V' 

¥' 

9}ü” 

9!4" 

12 W' 

1# 

.077" 

.171" 

.171" 

.171" 

.171" 

.265" 

.265" 

.359" 

.359" 

3000v. 

ÓOOOv. 

ÓOOOv. 

ÓOOOv. 

ÓOOOv. 

9000v. 

9000v. 

12000v. 

12000v. 

23 

8 

17 

23 

35 

23 

35 

13 

27 

TMA-300 
TMA-50A 
TMA-1 00A 
TMA-150A 
TMA-230A 
TMA-1 00B 
TMA-1 50B 
TMA-50C 
TMA-1 00C 

$12.00 

6.50 

10.00 

12.00 

16.00 

13.50 
17.00 

8.00 

14.50 

DOUBLÉ  STATOR  MODELS 

200-200  Mmf. 

50-50 

100-100 

60-60 

40-40 

15-15 

12.5- 12.5 

17- 17 

19.5- 19.5 

18- 18 

11- 

121/s" 

12%'' 

.077" 

.171" 

.171" 

.265" 

.359" 

3000v, 

ÓOOOv. 

ÓOOOv. 

9000v. 

12000v. 

16-16 

9-9 

15-15 

15-15 

11-11 

TMA-200D 
TMA-50DA 
TMA-1  OODA 
TMA-60DB 
TMA-40DC 

$15,00 

11.00 

17.50 

18.50 

13.50 

TYPE  TML 

condenser  is  a  1  KW  job  throughout  Isolantite  insulators, 
specially  treated  against  moisture  absorption,  prevent  flashovers. 
A  large  self-cleaning  rotor  contact  provides  high  current  ca- 
pacity.  Thick  capacitor  plates,  with  accurately  rounded  and 
polished  edges,  provide  high  voltage  ratings.  Sturdy  cast 
aluminum  end  frames  and  dural  tie  bars  permit  an  unusually  rigid 
structure.  Precision  end  hearings  insure  smooth  turning  and 
permanent  alignment  of  the  rotor.  End  frames  are  arranged  for 
panel,  chassis  or  stand-off  mountings. 


Capacity 

Minimum 

Capacity 

Lcngth 

Air  Gap 

Peak 

Voltage 

No.  of 
Plates 

Catalog 

Symbol 

Liit 

Ptic* 

SINGLE  STATOR  MODELS 

75  Mmf. 

25 

18V' 

.719" 

20,000v. 

17 

TML-75E 

$26.00 

150 

60 

18  V' 
13%" 

.469" 

15,000v. 

27 

TML-150D 

26.50 

100 

45 

.469" 

.469" 

15,000v. 

19 

TML-100D 

23.50 

50 

22 

8V' 

15,000v. 

9 

TML-50D 

16.50 

245 

54 

18V' 

.344" 

1 0,000v. 

35 

TML-245B+ 

28.50 

150 

45 

13%" 

.344" 

10,000v. 

21 

TML-150B+ 

26.00 

100 

32 

lov' 

8  V' 

.344" 

10,000v. 

15 

TML-100B+ 

25.00 

75 

23.5 

.344" 

10,000v. 

11 

TML-75B+ 

18,00 

500 

55 

18  V' 

.219" 

7,500v. 

49 

TML-500A+ 

35.00 

350 

45 

13%" 

.219" 

7,500v. 

33 

TML-350A+ 

28.00 

250 

35 

lOV 

.219" 

7,500v. 

25 

TML-250A+ 

26.00 

DOUBLÉ  STATOR  MODELS 

30-30  Mmf. 

12-12 

18Ü" 

.719" 

20,000v. 

7-7 

TML-30DE 

$26.50 

60-60 

26-26 

18V' 

.469" 

1 5,000v. 

11-11 

TML-60DD 

28.50 

100-100 

27-27 

18V' 

.344" 

lO.OOOv. 

15-15 

TML-100DB+ 

31.50 

60-60 

20-20 

13%" 

.344" 

10,000v. 

9-9 

TML-60DB+ 

27.50 

200-200 

30-30 

18%i" 

.219" 

7,500v. 

21-21 

TML-200DA  + 

35.00 

100-100 

17-17 

10%" 

.219" 

7,500v. 

11-11 

TML-100DA+ 

28.50 
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NATIONAL  RF  CHOKES 


R-100  List  $.50 

Without  standoff  insulator 

R-100U  List  $.60 

With  standoff  insulator 

R.F.  chokes  R-100  and  R-100U 
are  identical  electrically,  but 
the  latter  is  provided  with  a 
removable  standoff  insulator 
screwed  on  one  end.  Both 
have  Isolantite  insulation  and 
both  have  a  continuous  uni- 
versal  winding  in  four  sec- 
tions.  Inductance  2]^  m.h. 
distributed  capacity  1  mmf. 
DC  resistance  50  ohms,  cur- 
rent  rating  125  ma. 

R-300  List  $.50 

Without  insulator 

R-300U  List  $.60 

With  insulator 

R.F.  chokes  R-300  and  R-300U 
are  similar  in  size  to  R-100U 
but  have  higher  current  ca¬ 
pacity.  The  R-300U  is  pro¬ 
vided  with  a  removabl  e  stand¬ 
off  insulator  screwed  on  one 
end.  Inductance  1  m.h.;  dis¬ 
tributed  capacity  1  mmf.;  DC 
resistance  10  ohms;  current 
rating  300  MA. 


R-152  List  $2.25 

For  the  80  and  160  meter 
bands.  Inductance  4  m.h.,  DC 
resistance  10  ohms,  DC  cur¬ 
rent  600  MA.  Coils  honey- 
comb  wound  on  Isolantite 
core. 

R-154  List  $2.25 

R-154U  List  $1.75 

For  the  20,  40  and  80  meter 

bands.  Inductance  1  m.h.,  DC 
resistance  6  ohms,  DC  cur¬ 
rent  600  MA.  Coils  honey- 
comb  wound  on  Isolantite 
core.  The  R-154U  does  not 
have  the  third  mountinq  foot 
and  the  small  insulator,  out  is 
otherwise  the  same  as  R-1 54. 
See  illustration. 

R-1 75  List  $2.75 

The  R-1 75  Choke  is  surtable 
for  parallel-feed  as  well  as 
series-feed  in  transmitters 
with  plate  supply  up  to  3000 
volts  modulated  or  4000  volts 
unmodulated.  Unlikeconven- 
tional  chokes,  the  reactance 
of  the  R-1 75  is  high  through- 
out  the  10  and  20  meter 

bands  as  well  as  the  40,  80 
and  160  meter  bands.  In¬ 
ductance  225  ,uh,  distributed 
capacity  0.6  mmf,  DC  resist¬ 
ance  6  ohms,  DC  current  800 
MA,  voltage  breakdown  to 
base  12,500  volts. 


NATIONAL  SHAFT  COUPLINGS 


TX-1,  Leakage  path  1"  List  $1.00 

TX-2,  Leakage  path  2V2”  List  $1.10 

Flexible  couplings  with  glazed  Isolantite  insulation  which  fit 
14"  shafts. 

TX-8  List  $.75 

A  non-flexible  riqid  coupling  with  Isolantite  insulation.  1" 
diam.  Fits  14"  shaft. 

TX-9  List  $1.10 

This  small  insulated  flexible  coupling  provides  high  electrical 
efficiency  when  used  to  isolate  circuits.  Insulation  is  Steatite. 
1  Yg"  diam.  Fits  14"  shaft. 

TX-10  ~  List  $.55 

A  very  compact  insulated  coupling  free  from  backlash.  Insula¬ 
tion  is  canvas  Bakelite.  1  Hó"  diam.  Fits  14"  shaft. 

TX-11  List  $.60 

The  flexible  shaft  of  this  coupling  connects  shafts  at  angles  up 
to  90  degrees,  and  eliminates  misalignment  problems.  Fits  14" 
shafts.  Length  414". 


TX-1 2,  Length  454"  List  $1.25 

TX-1 3,  Length  7]/8"  List  $1 .50 

These  couplings  use  flexible  shafting  like  the  TX-11  above, 
but  are  also  provided  with  Isolantite  insulators  at  each  end. 


H.  F.  COIL  FORMS 


For  ultra  high  frequency  work,  where 
very  low  losses  are  essential,  these 
small  Victron  coil  forms  will  be  found 
extremely  useful.  They  can  be  readily 
drilled  and  srooved  with  ordinary 
tools,  and  firmly  cemented  with 
National  Coil  Dope  without  impair- 
ing  electrical  characteristics. 


Symbol 

Outïlde 

Diamttar 

Langlh 

Lilt 

PRC-1 

W 

3/a" 

$.15 

PRC-! 

Vf 

%- 

.15 

PRC-3 

W' 

,15 

PRD-1 

W‘ 

W 

.1  5 

PRD-2 

W‘ 

V' 

,15 

PRE-1 

w 

¥/' 

1" 

,20 

PRE-ï 

.50 

PRE-3 

Yk" 

,30 

PRF-1 

ff 

w; 

1 

.30 

PRF-3 

'W' 

.40 

NATIONAL  TRANSMITTER  COIL  FORMS 


The  Transmitter  Coil  Forms  and  Mounting  are  designed 
a  group,  and  mount  conveniently  on  the  bars  of  a 


as 


«jij  u  wiiu  iiiuum  wiiYc-iiiciiu  ji  \yii  wui  j  vyi  u 

TMA  condenser.  The  larger  coil  form,  Type  XR-14A, 
has  a  winding  diameter  or  5"  and  a  winding  length  of 
3%''  and  is  intended  for  the  80  meter  band.  The  smaller 
form,  Type  XR-10A,  has  a  winding  length  of  3^4"  and 
a  winding  diameter  of  2 Yq".  For  20  and  40  meter  bands. 


SINGLE  UNITS 
XR-10A,  Coil  Form  only 


XR-14A,  Coil  Form  only 


List  SI  .50 


List  3.50 
List  1.35 
List  1.75 


Either  coil  form  fits  the  PB-15  plug.  For  higher  fre- 
quencies,  the  plug  may  be  used  with  a  self-supporting 
coil  of  copper  tubing.  The  XB-1 5  Socket  may  be  mounted 
on  breadboards,  chassis,  or  the  TMA  Condenser. 


PB-15,  Plug  only 
XB-1 5,  Socket  only 

ASSEMBLIES 

UR-10A,  Assembly  (induding  smalt 
Coil  Form,  Plug  and  Socket) 

List  $4.60 

UR-1 4A,  Assembly  (induding  large 
Coil  Form,  Plug  and  Socket) 

List  $6.25 


NATIONAL  BUFFER  COIL  FORMS 


National  Buffer  Coil  Forms  are  designed  to  mount 
directly  on  the  tie  bars  of  a  TMC  condenser  using  the 
PB-5  Plug  and  XB-5  Socket.  Plug  and  Socket  are  of 
molded  R-39. 

The  two  coil  forms  are  of  Isolantite.  left  unglazed  to 
provide  a  tooth  for  coil  dope.  The  larger  form,  Type 
XR-13,  is  in  diameter  and  has  a  winding  length  of 
2%.".  The  smaller  form,  Type  XR-13A,  is  1”  in  diameter 
and  provides  a  winding  length  of  2%''.  Both  forms  have 
holes  for  mounting  and  for  leads. 


SINGLE  UNITS 

XR-13,  Coil  Form  only  List  $1.10 
XR-13A,  Coil  Form  only 

List  .60 

PB-5,  Plug  only  List  .75 

XB-5,  Socket  only  List  .75 

ASSEMBLIES 

UR-1 3A,  Assembly  (induding  small 
Coil  Form,  Plug  and  Socket) 

List  $2.00 

UR-1 3,  Assembly  (induding  large 
Coil  Form,  Plug  and  Socket) 

List  $2.50 
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FIXED-TUNED 
EXCITER  TANK 


PLUG-IN  BASE 


EXCITER  COILS  AND  FORMS— TYPE  AR-16  (Air  Spaced) 


These  air-spaced  coils  are  suitable  for  use  in  stages  where  the 
plate  input  does  not  exceed  50  watts  and  are  available  in  the 
sizes  tabulated  below.  Capacities  listed  will  resonate  the  coils 
at  the  low  frequency  end  of  the  band  and  include  all  stray  circuit 
capacities.  All  have  separate  link  coupling  coils  and  all  fit  the 
PB-16  Plug  and  XB-16  Socket. 

The  XR-16  Coil  Form  also  fits  the  PB-16  Plug  and  XB-16  Socket. 
It  has  a  winding  diameter  of  114”  and  a  winding  length  of  1%". 

Order  by  Catalog  Symbol  Shown  in  This  Table 


Band 

End  Link 

Cap 

Mmf 

Center 

Link 

Cap 

Mmf 

Swinging 

Link 

C«P, 

Mmf 

5  meter 

AR16-5E 

20 

AR16-5C 

20 

— 

- 

10  meter 

AR16-10E 

20 

AR16-10C 

20 

AR16-10S 

£5 

£0  meter 

!  AR16-20E 

26 

AR16-20C 

26 

AR16-20S 

40 

40  meter 

|  AR16-40E 

33 

AR16-40C 

33 

AR16-40S 

55 

80  meter 

AR16-80E 

37 

AR16-80C 

37 

AR16-80S 

60 

160  meter 

j  AR16-160E 

65 

AR16-160C 

65 

— 

- 

XR-16,  Coil  Form  only  List  $.60 

PB-16,  Plug-in  Bas©  only  List  .40 

XB-16.  Plug-in  Socket  only  List  .50 

AR-lo  Coil*  —  Any  typ©  (see  table) 

Each,  List  SI  .50 

Including  PB-16  Plug  as  illustrated. 


Exciter 


on 


.:-v; 


condensor 


llflfll 


1F  TRANSFORMER 


AND  SHiELD 


TRF  UNITS 


I.  F.  TRANSFORMERS 

IFC,  Transformer,  air  core  List  $5,00 

IFCO,  Oscillator,  air  core  List  $5.00 

Air  dielectric  condensers  isolated  from  ©ach  other  by  an  aluminum  shield.  Litz 
wound  coils  on  a  moisture  proofed  eeramic  bas©.  Shield  can  4 Vè"  x  2%"  x  2". 
Available  for  either  175  KC  or  450-550  KC.  Specify  frequency. 

IFD,  Diode  Transformer,  air  core  List  $3.50 

Tuned  primary  and  untuned,  closely-coupled  secondary  for  full-wave  diode 
rectifiers.  For  noise  silencing  circuits,  etc.  450-550  KC,  air  core  only. 

IFE,  Transformer,  iron  core  List  $5.50 

FIXED-TUNED  EXCITER  TANK 

FXT,  without  plug-in  base  List  $4.50 

FXTB,  with  base  (either  5~  or  ó-prong)  List  $4.90 

Similar  in  genera I  construction  to  the  I.F.  transformer  described  above,  this  unit 
has  two  25  mmf,  2000  volt  air  condensers  and  an  unwound  XR-2  coil  form. 


PLUG-IN  BASE  AND  SHIELD 

PB-10,  (Base  and  Shield)  List  $.75 

PB-10A,  (Base  only)  List  $.40 

The  low-loss  R-39  base  is  ideal  for  mounting  condensers  and  coils  when  it  is  de- 
sirable-to  have  them  shielded  and  easily  removable.  Shield  can  is  2"  x  2%"  x  4Vè 
Two  models  are  available*  5-  or  6-prong. 


NATIONAL  HIGH 
FIDELITY  TRF  UNITS 

National  Tuners  are  based  on  a  high  per¬ 
formance  TRF  circuit  reduced  to  its  simplest 
terms,  Similar  in  construction  to  an  IF  Ampli- 
fier,  each  chassis  provides  a  three-stage  RF 
Amplifier  tuned  to  one  station  only.  A  group 
of  separate  chassis  are  usually  used  in  each 
insta  llation. 

Each  RF  Transformer  is  tuned  both  primary 
and  secondary (8  tuned  circuits).  The  coupling 
isadjustable  to  include  10  KCwith  loss  than  1 
db  variation  in  the  audio  range,  Sensitivity  is 
adiustable  from  5  microvolts  to  one  volt. 
Three  models  cover  ranges  of  540-875, 
740-1230,  and  1100-1700  KC.  The  chassis 
fits  a  Standard  3$6W  f©I<*Y  rade  panel. 

DLCA,  Chassis  as  illustrated  with  socket:;  and 
terminals  riveted  in  place  List  $4.60 

DLPS,  Steel  Ye"  panel  List  $1.50 

DLPA,  Aluminum  Kö”  panel  List  $5.00 

DLT,  RF  Transformer,  set  of  four  required 

List,  each,  $6.50 
(Specify  approximate  operating  frequency) 
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NATIONAL  PARTS 


COIL  FORMS 

XR-1 ,  Four  prong.  List  $.50 

XR-2,  without  prongs 

List  $.35 

Molded  of  R-39,  permitting 
them  to  be  grooved  and 
drilled.  Coil  form  diameter 
1",  length  V/Z". 


XR-3  List  $.30 

Molded  of  R-39.  Diameter 
Yid‘ ,  length  Without 
prongs. 

XR-4,  Four  prong.  List  $.75 
XR-5,  Five  prong.  List  $.75 
XR-6,  Six  prong,  List  $.75 
Molded  of  R-39,  permitting 
them  to  be  grooved  and 
drilled.  Coil  form  diameter 
1  y<2n ,  length  2 Va'  •  A  special 
socket  is  required  for  the 
six-prong  form. 

XC6C,  Special  six  prong 
socket  for  XR-6  Coil  Form, 
List  $.75 


IMPEDANCE  COUPLER 

S-101  List  $6.00 

A  plate  choke,  coupling 
condenser  and  grid  leafe 
sealed  in  one  case,  for 
coupling  the  output  of  a  re- 
generative  detector  to  an  au- 
dio  stage.  Used  in  SW-3. 

100  KC  OSCILL.  COIL 
OSR  List  $1.50 

A  shielded  oscillator  coil 
which  tunes  to  100  KC  with 
.00041  Mfd.  Two  separate 
inductances,  closely  coupled. 
Excellent  for  interruption- 
frequency  oscillator  in  super- 
regenerative  receivers. 


SHIELDS 

CS-1,  5"  x  3"  x  3"  (outside) 
List  $5.00 
CS-2,  5"  x  4"  x  4"  (outside) 
List  $6.75 
CS-3,  6%"  x  6"  x  6"  (out¬ 
side)  List  $13.50 

These  rugged  cast  aluminum 
shields  may  be  used  as  cases 
for  small  wavemeters,  moni¬ 
tors  and  as  stage  shields  in 
high-gain  equipment. 


COIL  SHIELDS 

RO,  coil  shield  List  $.35 
2"  x  23/g"  x  4W'  high 

J30,  coil  shield  List  $.35 
2i/2"  dia.  x  334"  high 

B30,  coil  shield  List  $.35 
3"  dia.  x  3%"  high  without 
meunting  base. 

B30,  coil  shield  List  $.50 
Same  as  above,  but  with 
mounting  base. 


TUBE  SHIELDS 

TS,  tube  shield  List  $.40 
With  cap  and  base. 

T58,  tube  shield  List  $.40 
With  cap  and  base,  for  77, 
78,  etc.  tubes. 

T78,  tube  shield  List  $.40 
With  cap  and  base,  for  77, 
78,  etc.  tubes. 

Tl  4,  tube  shield  List  $.40 
2Ys"  high,  for  814,  RK-20, 
etc. 

T07,  tube  shield  List  $.40 
3"  high,  for  807,  RK-23,  etc. 


JACK  SHIELD 

JS-1,  Jack  shield  List  $.35 
For  shield  in  small  Standard 
jacks.  For  mounting  behind 
a  panel,  or  on  the  ends  of 
extension  cords. 


NATIONAL  CABINETS 

The  National  Cabinets  listed  below  are  the 
same  as  those  used  in  National  Receivers, 
except  that  they  are  supplied  in  blank  form. 
They  are  made  of  heavy  gauge  steel,  and  the 
paint  is  unusually  well  bonded  to  the  metal. 
Sub-bases  and  bottom  covers  are  included  in 
the  price. 


Widlh 

Hsight 

Depth 

List  Pric« 

Type 

C-HWR 

13l/2" 

7" 

7/4" 

$5.00 

Type 

C-FB7 

11/2" 

8" 

12" 

7.00 

Type 

C-SW3 

93/4" 

7" 

9" 

5.50 

Type 

C-NClOO 

17/4" 

83/4" 

11  vr 

8.50 

Type 

C-HRO 

1ó3/4" 

83/4" 

10" 

8.50 

Type 

C-One-Ten 

11" 

7" 

7/4" 

4.50 

Type 

C-PSK 

6" 

8" 

12" 

6.00 

Type 

C-SRR 

7/2" 

7" 

7  W' 

3.50 

NATIONAL  CABINETS 


CODE  PRACTICE 
OSCILLATOR 

CPO,  without  batteries  or 
tube  List  $6.00 

This  small  audio  oscillator  is 
suitable  for  either  code  prac- 
tice,  or  as  an  audio  signal 
source  ior  ICW  on  the  Ultra 
High  Frequency  Bands. 

A  type  30  tube  is  used,  and 
four  flashlight  cel  Is  in  the  case 
provide  filament  and  plate 

current. 

PUSH  SWITCH 

ACS-4,  Four  gang,  with  trig- 
ger  bar  List  $5.00 

ACS-1,  Single  section,  less 
trigger  bar  List  $1.25 

The  National  Interlocking  Push 
Switch  has  low  losses,  com¬ 
plete  reliability  and  positive 
contacts.  Insulation  is  R-39.  The 
silverplated  contacts  are  dou¬ 
blé  pole,  doublé  throw. 

SAFETY  METER  PANEL 

MPF  List  $ 2.50 

Meter  Panel  with  window 

MPS  List  $2.00 

Sub-panel  for  meters 
This  new  panel  makes  it  safe  to 
connect  meters  into  high- 
voltage  leads,  The  meters  are 
mounted  behind  a  glass  win¬ 
dow  on  a  sub-panel.  It  is 
available  either  blank,  or 
punched  with  2,  3,  or  4  holes 
for  2"  diameter  meters.  Holes 
for  bolting  the  meters  in  place 
are  not  provided.  as  their 
location  varies  witn  different 
makes  of  meters.  Finish  is  black 
wrinkle. 


NATIONAL  OSCILLOSCOPES 

National  Oscilloscopes  have  power  supply  and  input 
Controls  built  in,  A  panel  switch  permits  use  of  the  built- 
in  60-cyde  sweep  or  external  audio  sweep  lor  securing 
the  familiar  trapezoid  pattern  for  modulation  measurements. 
CRM,  less  tubes  List  Si  8.50 

1"  screen,  using  RCA-913  and  6X5  rectifier.  Table 
model,  4 Va  '  x  6  Vs  x  8". 

CRR,  less  tubes  List  S32.50 

2"  screen,  using  RCA-902  and  6X5  rectifier.  Relay  rade 
mounting. 


NATIONAL  PARTS 


CRYSTAL  HOLDERS 

4-in  1  List  S7.50 

Designed  to  hold  four  separate 
crystals  up  to  1"  square,  which 
may  be  selected  by  a  built-in 
low  capacity  switch.  Plug-in 
base.  Low  loss  construction. 
CHR  List  S2.50 

A  small  crystal  holder  of  the 
resonator  type,  for  use  in  re- 
ceivers.  Plug-in  base.  Low  loss 
construction. 


ê 

4-IN-1 


CHT  List  S2.50 

A  small  pressure  type  crystal 
holder,  for  use  in  transmitters. 
Plug-in  base.  Low  loss  con¬ 
struction. 


CHV,  less  crystal  List  $9.50 
CHV,  with  crystal  List  $32.50 
A  crystal  holder  of  the  variable 
gap  type  which  permits  tuning 
tne  crystal  over  a  range  of  one 
part  in  600,  when  a  suitable 
crystal  is  used.  An  80  meter 
crystal  that  will  doublé  into 
the  20  meter  phone  band  is 
supplied  when  the  holder  is 
ordered  with  crystal. 


CHV 


CHART  FRAMES 

Si  ze  A,  2V4"  x  V/4"  List  $.50 
Size  B,  3"  x  4"  List  .60 
Sire  C,  3 x  4"  List  .70 

National  Chart  Frames  are 
blanked  from  one  piece  of 
solid  nickel  si I ver.  Sides  of  all 
charts  are  %"  wide.  Pri.es 
include  a  celluloid  sheet  to 
protect  the  chart. 

SPEAKER  CABINETS 

NDC-8  for  8"  speaker 

List  $5.00 

NDC-10  for  10"  speaker 

List  $6.00 
These  cabinets  are  corrected 
acoustically  to  prevent  un- 
desired  resonance  peaks. 
Acoustic  feit  lined.  Finish: 
black  wrinkle. 

COIL  DOPE 

CD-I,  14  pint  can  List  $1.50 
Liquid  Polystyrene  Cement  — 
is  ideal  for  windings  as  it  will 
not  spoil  the  properties  of  the 
best  coil  form. 


NATIONAL  LOW-LOSS  SOCKETS  AND  INSULATORS 


XCA  List  SI  .50 

A  low-loss  Socket  for  acorn 
triodes. 


XMA  List  $2.00 

For  pentode  acorn  tubes,  this 
socket  has  built-in  by-pass  con- 
densers.  The  base  is  a  copper 
plate. 


XM-10  List  $1.25 

A  heavy  duty  metal  shell  socket 
for  tubes  having  the  UX  base. 

XM-50  List  $1.75 

A  heavy  duty  metal  shell 
socket  for  tubes  having  the 
Jumbo  4-pin  base  C'fifty  watt- 
ers"). 


SAFETY  GRID  &  PLATE 
CAPS 

SPG  List  $.35 

Cap,  R-39  L.  L.  insulation 

SPP-9  List  $.35 

9/16"  Cap  L.  L.  ceramic  in¬ 
sulation.  These  offer  protec- 
tion  against  accidental  contact 
with  High  Voltage  lobe  Caps 

SPP-3  List  $.30 

Ys"  Cap  L.  L.  ceramic  insulation 

GRID  &  PLATE  GRIPS 

12,  for  9/1 6"  Caps  List  $.10 
24,  for  %"  Caps  List  .05 
8,  for  14"  Cap  List  .05 
1 2  &  24  suitable  for  glass  tubes 
8  is  for  metal  tubes 


GS-1,  1/2"x13/8"  List  $  .25 

GS-2,  Vè"  x  27/a"  List  .35 

GS-3,  y4"  x  2%"  List  .90 

GS-4, 34"  x  4%"  List  1.10 

GS-4A,  3/4"  x  6"  List  1.60 

Cylindrical  low-loss  steatite 
stand-off  insulators  with  nickel 
plated  caps  and  bases. 

GSJ,  (not  illustrated)  List  $.10 
A  special  nickel  plated  jack 
top  threaded  to  fit  the  3/4" 
diam.  Insulators  GS-3,  GS-4 
&  GS-4A. 


JX-50  List  $1.20 

Without  Standofl  fosulotors 

JX-50S  List  $1.50 

With  Stand  qH  Insulators 

A  low-loss  wafer  socket  for 
the  813  and  other  tubes  having 
the  Giant  7-pin  Base. 


JX-100  List  $3.00 

Without  Standoll  Insulators 

JX-100S  List  $3.60 

With  Standoll  Insulators 

A  low-loss  wafer  socket  for 
the  803,  RK-28  and  other 
tubes  using  the  Giant  5-pin 
Base. 


GS-5, 1 14"  List,  each  $.25 
GS-6,  2"  List,  each  .45 
GS-7,  3"  List,  eech  .75 

GS-10,  3/4"t  package  of  10 

List  $.75 

These  cone  type  standoff 
insulators  are  of  low-loss 
steatite.  They  have  a  tapped 
hole  at  each  end  for  mounting. 


GS-8,  Plain  List  $.35 

GS-9,  with  Jack  List  .50 

These  low-loss  steatite  stand¬ 
off  insulators  are  also  useful  as 
lead-through  bushings. 


GS-é  GS- 7 


AA 

GS-8  GS-9 


XC  Series  Soclcets 

Any  Type  List  $.60 

National  wafer  sockets  have  exception- 
ally  good  contacts  with  high  current 
capadty  together  with  low  loss  Isolantite 
insulation.  All  types  have  a  locating 
groove  to  make  tube  insertion  easy,  with 
the  exception  of  the  Octal  socket  which 
has  a  central  locating  hole. 


4»: 


NATIONAL  LOW-LOSS  SOCKETS  AND  INSULATORS 


FWG  Lis»  $.60 

A  Victron  terminal  strip  for 
high  frequency  use.  The  bind¬ 
ing  posts  take  banana  plugs  at 
the  top,  and  grip  wires  through 
hole  at  the  bottom,  simultane- 
ously,  if  desired. 


FWH  List  $.85 

The  insulators  of  this  terminal 
assembly  are  molded  R-39  and 
have  serrated  bosses  that  allow 
the  thinnest  panel  to  be 
gripped  firmly,  and  yet  have 
ample  shoulders.  Binding  posts 
same  as  FWG  above. 


FWJ  Lis»  $.65 

This  assembly  uses  the  same 
insulators  as  the  FWH  above, 
but  has  jacks.  When  used  with 
the  FWF  plug  (below),  there 
is  no  exposed  metal  when  the 
plug  is  in  place. 


FWF  List  $1.00 

This  molded  R-39  plug  has  two 
banana  plugs  on  centers 
and  fits  FWH  or  FWJ  above. 
Leads  may  be  brought  out 
through  the  top  or  side. 


FWA,  Post  List.  eaeh  $.25 

Brass  Nickel  Plated 

FWE,  Jack  List,  each  $.1 5 
Brass  Nickel  Plated 

FWC,  Insulator 

List,  per  pair  $.35 

R-39  Insulation 

FWB,  Insulator  List,  each  $.10 
Polystyrene  insulation 


AA-3  List  $.30 

A  low-loss  steatite  spreader 
for  6  inch  line  spacing.  (600 
ohms  impedance  with  No.  12 
wi  re.) 

AA-5  List  $.30 

A  low-loss  steatite  aircraft- 
type  strain  insulator. 

AA-6  List  $.35 

A  general  purpose  strain  in¬ 
sulator  of  low-loss  steatite. 


XS-6  List,  each  $.15 

A  low-loss  isolantite  bushing 
for  Vè"  holes. 

TPB  List,  per  dozen  $.75 

A  threaded  Polystyrene  bush¬ 
ing  with  removable  .093  con¬ 
ductor  moulded  in,  %"  diam., 
32  thread. 


XS-7,  (%"  Hole)  List  $.50 

XS-8,  0/2"  Hole)  List  $.65 

Steatite  bushings.  Prices  in- 
clude  male  and  female  bush¬ 
ings  with  metal  fittings. 


XS-1,(1"  Hole)  List  $.75 

XS-2,(1 1/2"  Hole)  Lis»  $.90 

Prices  listed  are  per  pair,  in- 
cluding  metal  fittings.  Insula¬ 
tion  —  steatite. 


XS-3,  (23,4"  Hole)  List  $5.00 

XS-4,  &y4"  Hole)  Lis»  $6.50 

Prices  are  per  pair,  including 
metal  fittings.  These  low-loss 
steatite  bowls  are  ideal  for 
lead-in  purposes  at  high  volt¬ 
ages. 

XS-5,  Without  Fittings 

List,  each,  $7.50 

XS-5,  With  Fittings 

List,  per  pair,  $1 5.50 

These  big  low-loss  bowls  have 
an  extremely  long  leakage 
path  and  a  5 “14"  flange  for 
bolting  in  place.  Insulation  — 
steatite. 


CIR  Series  Sockets 

Any  Type  List  $.40 

Type  CIR  Sockets  feature  low-loss 
isolantite  or  steatite  insulation,  a  con¬ 
tact  that  grips  the  tube  prong  for  its 
entire  length,  and  a  metal  ring  for  six 
position  mounting.  The  sockets  are 
supplied  with  two  metal  standoffs. 


NTE  EXCITER-AMPLIFIER 

The  ideal  answer  to  transmitter  control  at  the  oper- 
ating  position,  the  NTE  combines  a  multiband  ex- 
citer  with  a  high  gain  speech  amplifier.  In  the 
exciter,  a  crystal  oscillator  is  followed  by  three 
frequency  multiplier  stages,  giving  a  choice  of  four 
amateur  bands,  selected  by  a  push  button  switch 
on  the  panel.  Crystals  plug  in  from  the  front  panel, 
and  special  holders  provide  for  a  choice  of  fre- 
ouencies  in  each  band.  The  speech  amplifier  de- 
livers  10  watts  with  an  input  of  .005  volts.  A  com¬ 
plete  description  and  price  listing  will  be  found  in 
our  1941  catalogue  No.  400.  NTE  Exciter-Ampli- 
fier,  List  $215.00,  Table  Model. 


NSA  SPEECH  AMPLIFIER 

Two  input  circuits  with  an  electronic  mixer,  one 
with  125  db  gain  for  crystal  microphones,  etc.,  and 
the  other  with  one  less  stage  for  phonograph  pick- 
ups,  etc.  15  watts  output  from  fixed-bias  PP  2A3’s. 
Frequency  characteristic  within  1  db  from  25  to 
10,000  cycles.  A  complete  description  and  listing 
will  be  found  in  our  1941  catalogue  No.  400. 
NSA  Amplifier,  List  $115.00,  Table  Model. 


NTX-30  TRANSMITTER 

Similar  to  the  NTE  Exciter  described  above,  but 
with  an  output  stage  substituted  for  the  speech 
amplifier.  The  NTX-30  is  a  self-contained  CW 
Transmitter  with  an  output  of  30  watts  on  10,  20, 
40  and  80  meters.  For  phone  an  external  modulator, 
such  as  the  NSM  described  below,  must  be  used. 
The  NTX-30  malces  an  ideal  exciter-buffer  for  a 
high  power  station.  A  complete  description  and 
listing  will  be  found  in  our  1941  catalogue  No. 
400.  NTX-30  Transmitter,  List  $195.00,  Table 
Model. 


NSM  MODULATOR 

The  NSM  Modulator  features  30  watts  output,  50 
to  10,000  cycle  range,  Automatic  Volume  Com- 
pression,  DB  meter  showing  amount  of  compres- 
sion,  Tone  Control,  and  two  separate  input  cir¬ 
cuits.  A  complete  description  and  price  listing  will 
be  found  in  our  1941  catalogue  No.  400.  NSM 
Modulator,  List  SI  30.00,  Table  Model. 


circuits  of  the  audio  power  stage  thus  providing 
maximum  battery  economy.  The  B  supply  filter  and 
the  standby  switch  are  wired  to  the  battery  ter¬ 
minals,  so  that  the  filter  is  available  for  vibrator  or 
dynamotor  B  supplies. 

The  ten-inch  speaker  is  housed  in  a  separate 
cabinet  specially  designed  to  harmonize  with  the 
trim  lines  of  the  receiver.  The  undistorted  output 
is  8  watts. 

All  features  expected  in  a  fine  communication  re¬ 
ceiver  are  provided.  These  include  CW  oscillator, 
Signal  Strength  Meter,  B-supply  switch,  etc. 

NC-200  TG  Table  Model,  two  tone  Gray  wrinkle. 

List  $245.83 

Price  includes  a  10"  P.M.  dynamic  speaker  in 
cabinet. 

NC-200  RG  Rack  Model,  Gray  or  Black  wrinkle, 
mounted  on  3/1ó"  aluminum  panel.  List  $275.83 

Price  includes  a  10"  P.M.  dynamic  speaker 
mounted  on  10 Vfc"  rack  panel. 


NATIONAL 
NC-200 

The  National  NC-200  is  a  new 
Communications  receiver  hav- 
ing  a  number  of  features  not 
previously  available.  Twelve 
tubes  are  used  in  a  highly  per- 
fected  circuit  that  includes  an 
extremely  effective  noise  lim- 
iter.  The  crystal  filter  has  an 
exceptionally  wide  selectivity 
range  for  use  on  both  CW  and 
phone,  as  well  as  a  phasing 
circuit  that  makes  rejection 
ratios  as  high  as  10,000  to  1 
available  even  when  the  inter- 
fering  signal  is  only  a  few 
hundred  cycles  from  the  desired  signal.  The  AVC 
holds  the  audio  constant  within  2  db  for  signals  from 
10  microvolts  to  100,000  microvolts.  The  sensitivity 
of  the  NC-200  is  particularly  high,  requiring  only 
1  microvolt  input  for  1  watt  of  audio  output  on  the 
highest  frequencies  covered  by  the  receiver.  Sig- 
naï-to-image  ratio  is  better  than  30  db  at  ten  meters. 

There  are  ten  calibrated  coil  ranges,  each  with  its 
own  scale  on  the  direct-reading  dial.  Six  of  these 
ranges  provide  continuous  coverage  from  490  KC 
to  30  MC.  The  remaining  four  ranges  cover  the  10, 
20,  40  and  80  meter  bands,  each  of  which  is  spread 
over  the  major  portion  of  tne  dial  scale.  Ranges  are 
selected  by  a  panel  control  knob.  A  movable-coil 
system  similar  to  the  NC-100  is  used.  The  inertia- 
type  dial  drive  has  a  ratio  of  30  to  1. 

All  models  of  the  NC-200  are  suitable  for  either 
AC  or  battery  operation,  having  both  a  built-in 
AC  power  supply  and  a  special  detachable  cable 
and  plug  for  battery  connection.  Removal  of  the 
speaker  plug  disconnects  both  plate  and  screen 


NATIONAL  NC-44 

The  NC-44  Communicdtion  Re¬ 
ceiver  employs  seven  tubes  in  a 
superheterodyne  circuit.  There 
are  separate  Controls  for  RF  and 
AF  gain,  and  on  and  off  switches 
for  the  AVC  and  CWO  circuits. 

A  straight-line-frequency  con- 
denser  is  used  in  conjunction  with 
a  separate  band  spread  condenser. 
The  full  vision  dial  is  calibrated  in 
frequency  for  each  range  covered. 
A  coil  switch  selects  the  four  ranges 
from  550  KC  to  30  MC. 

NC-44  — ■  Receiver,  complete  with  tubes, 
coils  covering  from  550  KC  to  30  MC,  and 


speaker  in  cabinet,  for  105-130  volts  AC 
or  DC  operation  ■ —  black  finish. 

List  $82.50 

NC-44B  —  Receiver,  same  as  above  but  for 
battery  operation,  less  batteries. 

List  $82.50 

NC-44A  —  Receiver,  same  as  above  but  for 
105-130  volts  AC  only.  List  $82.50 
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All  models  of  the  HRO  are  supplied  with  6.3  volt 
heater  type  tubes,  Table  models  and  accessories  are 
ftnished  in  black  wrinkle  enamel. 

HRO  (able  model,  receiver  only,  complete  with  four 
sets  of  coils  (1.7-4 .0,  3.S-7.3,  7.0-14.0,  14.0-30.0 
MCS).  List  $299.50 

HRO  Jr.,  iable  model,  receiver  only,  with  one  set  of 
14  to  30  mc.  coils.  List  $180.00 

COILS 

HRO  Type  E,  Range  900-2050  kc  List  $20.00 
HRO  Type  F,  Range  480-960  kc  List  J20.00 
HRO  Type  G,  Range  180-430  kc  List  $27.50 
HRO  Type  H,  Range  100-200  kc  List  $30.00 
HRO  Type  I,  Range  50-100  kc  List  $37.50 
HRO  Jr.  Type  JA,  Range  14.0-30.0  mc  List  $16.50 
HRO  Jr.  Type  JB,  Range  7.0-14.4  mc  List  $16.50 
HRO  Jr.  Type  JC,  Range  3.5-7  3  mc  List  $16.50 
HRO  Jr.  Type  JD,  Range  1. 7-4.0  mc  List  $16.50 
MCS  table  model  cabinet,  8"  PM  dynamic  speaker 
and  matching  transformer  List  $16.50 

697  Table  power  unit;  115  volt,  60  cycle  input,-  6.3 
volt  heater  and  230  volt,  75  m.a.  output,  with  tube 

List  $26.50 

See  our  1941  catalogue  No.  400  for  relay  rack 
Mounting,  coil  containers  and  accessories. 


NATIONAL  HRO 

The  HRO  Receiver  is  a  high-gain  superheterodyne  destgned 
for  communication  service.  Two  preselector  stages  give 
remarkable  image  suppression,  weak  signal  response  and 
high  signal-to-noise  ratio.  Air-die!ectric  tuning  capacitors 
account,  in  part,  for  the  high  degree  of  operating  stability.  A 
crystal  filter  with  both  variable  selectivity  and  phasing  Con¬ 
trols  makes  possible  adjustment  of  selectivity  over  a  wide 
range.  Heterodynes  and  interfering  c.w.  signals  may  be 
**phased  out”  (attenuated)  by  correct  setting  of  the  phasing 
control.  A  signal  strength  meter,  connected  in  a  vacuüm  tube 
bridge  circuit,  is  calibrated  in  S  units  from  1  to  9  and  in  db 
above  S9  from  0  to  40.  Also  included  are  automatïc  and 
manuai  volume  control  features,  a  beat  oscillator,  a  headphone  jack  and  a 
B+  stand-by  switch.  Power  supply  is  a  separate  unit.  The  Standard  model 
of  HRO  is  supplied  with  four  sets  of  coils  covering  the  frequencies  from 
1.7  to  30  megacycles.  Each  coil  set  covers  two  amateur  bands  and  the 
spectrum  between.  The  higher  frequency  amateur  band  of  each  range,  by 
a  simple  change-over  operation,  may  be  expanded  to  occupy  400  divi- 
sions  of  the  500  division  PW  instrument  type  dial. 

For  those  who  require  the  high  performance  of  the  HRO  but  do  not  need 
its  extreme  versatility,  the  HRO  Jr.  is  offered.  The  fundamental  circuit 
and  mechanical  details  of  both  receivers  are  identical,  but  the  HRO  Jr. 
is  simplified  by  omitting  the  crystal  filter,  signal  strength  meter  and  by 
suppJying  coils  less  the  band-spread  feature. 

The  frequency  range  of  both  the  HRO  and  HRO  Jr.  may  be  extended  to 
50  kilocycles  by  using  additionaf  coil  sets. 

A  technical  bulletin  covering  completely  all  details  wiil  be  supplied 
upon  request. 


NATIONAL  NC-100A 
NC-101X 

These  11  tube  superheterodyne  receivers  are  self-contained  (except  for 
the  speaker)  in  a  table  model  cabinet  that  is  readily  adapted  to  relay  rack 
mounting.  One  stage  of  R.F.  and  two  stages  of  I.F.  are  used.  low  loss 
insuletion  and  high-Q  coils  give  ample  sensitivity  and  selectivity.  Separate 
R.F.  and  Audio  Gain  Controls  and  a  signal  strength  meter  are  mounted  on 
the  panel.  Other  Controls  are  tone,  CW  Oscillator,  AVC  with  amplified 
and  delayed  action,  a  B-r  switch,  and  a  phone  jack.  A  self-contained 
power  supply  provides  all  necessary  voltages  including  speaker  field 
excitation.  The  range  changing  system  is  unique  in  that  it  combines  the 
mechanical  convenience  of  a  coil  switch  with  the  electrical  efficiency  of 
plug-in  coils. 

All  NC-100  series  receivers  are  fitted  with  a  noise  limiter  of  truly  remark- 
able  effectiveness. 

The  NC-100A,  illustrated  above,  covers  the  range  from  540  KC  to  30 
MC.  The  large  full  vision  dial  is  calibrated  directly  in  megacycles  and  a 
separate  high  speed  vernier  scafe  provides  high  precision  in  logging. 

The  NC-100XA  is  similar  but  equipped  with  a  crystal  filter. 


NC-100A  —  complete  with  tubes.  AC  mode!  —  10"  speaker  in 
cabinet.  List  $200.00 

NC-100XA  —  complete  with  tubes  and  crystal  filter.  AC  model  — 
10"  speaker.  List  $237,50 

NC-101X  — complete  with  tubes.  AC  model  —  10"  speaker  in 
cabinet.  List  $215.00 

NC-101XA  —  complete  with  tubes.  AC  model  —  10"  speaker 

in  cabinet.  List  $21 5,00 

See  our  1941  catalogue  No.  400  for  battery  models,  12  inch 

speakers,  200-400  kc  range,  etc. 


The  NC-101X,  illustrated  below,  is  built  slrictly  for  the 
amateur  bands  and  covers  only  the  following  ranges:  1.7- 
2.05  MC,  3. 5-4.0  MC,  7.0-7.3  MC,  14.0r14.4  MC,  and 
28.0-30.0  MC.  The  NC-101X  is  equipped  with  a  crystal 
filter,  S-meter,  and  the  PW  type  instrument  dial. 

The  NC-101XA  has  the  same  features  as  the  NC-101X, 
except  for  the  direct  readingdial  and  the  cabinet,  which  are 
similar  to  the  NC-100XA. 


NATIONAL  NHU 

This  specialized  communication  receiver  is  a  super- 
heterodyne  covering  the  range  from  27  to  62  MC 
in  three  ranges,  eacn  being  calibrated  on  a  direct 
reading  ful l-vision  dial.  The  circuit  uses  three  acorn 
tubes,  and  includes  a  Noise  Limiter,  Carrier-off 
Noise  Suppressor,  and  Amplified  and  Delayed 
AVC. 

One  large  knob  on  the  panel  slides  in  or  out  to 
engage  either  the  tuning  condenser  or  the  range- 
changing  System.  Inertia-type  tuning  is  used,  with  a 
ratio  of  approximately  70  to  1.  The  pointer  is  posi- 
tively  driven  by  rack  and  pinion,  and  moves  ver- 
tically  when  the  coil  range  is  changed  so  that  it  always  points 
to  the  proper  frequency.  The  coils  are  mounted  radially  in  a 
cast  aluminum  turret  which  is  easily  turned  into  position  by  the 
knob  on  the  panel.  Directly  above  the  coil  turret  is  the  three- 
gang  straight-line-frequency  tuning  condenser.  The  RF  circuit 
and  tubes  are  built  completely  inside  the  frame  of  the  con¬ 
denser,  thus  making  a  compact  assembly  with  the  shortest 
possible  leads  from  coils  to  condensers  to  tubes. 

All  features  and  Controls  commonly  found  in  high-quality 
communication  receivers  are  incorporated  in  the  NHU, 
including  a  wide  range  crystal  filter. 


NHU  Receiver,  table  model,  complete 
with  tubes,  8"  speaker  with  cabinet 
and  coils  covering  from  27  to  62  MC, 
but  without  power  supply,  black  finish. 

List  $275.00 
NHU-20  Receiver,  same  as  NHU  but 
with  20  Meter  Coil.  List  $290.00 
5856  Power  Supply,  table  model  with 
rectifier,  for  NHU  or  NHU-20. 

See  our  1 941  catalogue  No.  400  for  bat- 
tery  operation,  relay  rack  mounting,  etc. 


NATIONAL  ONE-TEN 

The  One-Ten  Receiver  FulFills  the  need  for  an  adequate 
receiver  to  cover  the  field  between  one  and  ten  meters. 

A  four-tube  circuit  is  used,  composed  of  one  tuned  R.F. 
stage,  a  self-quenching  super-regenerative  detector, 
transformer  coupled  to  a  first  stage  of  audio  which  is 
resistance  coupled  to  the  power  output  stage.  Tubes 
required:  954-R.F.;  955-Detector;  6C5-1st  Audio, 
6F6-2nd  Audio. 


NATIONAL  SW-3 


SW-3,  universal  model,  without 
coils,  phones,  tubes  or  power  sup¬ 
ply,  List  $35.00 

5886-AB,  Power  Supply,  1 1 5  V, 
60  cycle,  with  80  Rectifier. 

List  $29.50 

General  Coverage  Coils 


Cat. 

List 

No. 

Ranse 

— 

Meters 

Per  Pair 

30 

9 

to 

15.  .  . 

. .  $5.00 

31 

13.5 

to 

25.  .  . 

. .  5.00 

32 

23 

to 

41..  . 

...  5.00 

33 

40 

to 

70.  .  . 

..  5.00 

34 

65 

to 

115. . . 

..  5.00 

35 

115 

to 

200. . . 

..  5.00 

36 

200 

to 

360. . . 

.  5.50 

37 

350 

to 

550. . . 

..  5.50 

38 

500 

to 

850. . . 

.  6.50 

39 

850 

to 

1200. . . 

..  8,00 

40 

1200 

to 

1500.  .  . 

..  8.00 

41 

1500 

lo 

2000.  .  . 

. .  8.00 

42 

2000 

to 

3000. . . 

.  .10.00 

110  Receiver  and  6  sets  of  coils,  without 
tubes,  speaker  or  power  supply.  List  $85.00 

5886  Power  Supply  for  above  receiver,  with 

tube. 

List  $29.50 

*  ' 

I  r 

fond  Spread  Coiis 

30 A —  10  meter . $5.00 

31 A —  20  meter .  5.00 

33A  —  40  meter.  .  .  ....  5.00 

34A —  80  meter .  5.00 

35A  —  160  meter . .  5.00 


The  SW-3  Receivers  employ  a 
circuit  consisting  of  one  R.F. 
stage  transformer  coupled  to  a 
regenerative  detector  and  one 
stage  of  impedance  coupled 
audio.  This  circuit  provides  max¬ 
imum  sensitivity  and  flexibil ity 
with  the  smallest  number  of 
tubes  and  the  least  auxiliary 
equipment.  The  single  tuning  dial  operates  a  precisely  adjusted 
two  gang  condenser;  the  regeneration  control  is  smooth  and 
noiseless,  with  no  backlash  or  fringe  howl;  the  volume  control  is 
calibrated  from  one  to  nine  in  steps  corresponding  to  the  R  scale. 

ONE  UNIVERSAL  MODEL  —  The  circuit  of  the  SW  -3  is  arranged  for 
either  battery  or  AC  operation  without  coil  substitution  or  circuit  change. 
Battery  operation  utilizes  two  1N5-G  and  one  1A5-G  tubes.  AC  opera¬ 
tion  utilizes  type  5886  AB  power  supply  with  two  6J7-G  and  one  6C5-G 
tubes. 
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WORLD'S  LARGEST  BU1LDERS  OE  AMATEUR  COMMUNICATIONS  EQUIPMENT 


The  new  1941  Super  Skyrider  sets  a  new  hiï 
standards  for  Communications  receiver  performance. 
1 5  tubes.  Frequency  range  5  50  kc  to  43  me  in  6  bands. 
Each  control  performs  a  definite  function  that  con- 
tributes  to  the  outstanding  reception  capabilities  of 
the  unit,  all  the  Controls  are  conveniently  placed  for 
ease  of  operation.  All  components  arranged  for  best 
electrical  efficiency  with  full  consideration  for  con- 
venience  of  control  mountings.  The  coil  assembly  has 
been  rigidly  constructed  and  extreme  care  has  been 
taken  to  completely  shieid  each  section  from  the  other. 

The  new  Super  Skyrider  has  an  image  ratio  of  45  to  1 
at  28  mc —  350  to  1  at  14  mc  and  a  proportionately 
increasing  ratio  as  the  frequency  is  lowered.  While  the 
two  RF  stages  are  principally  needed  to  obtain  such 
image  ratios  they  afso  perfprra  two  other  useful  func- 
tions  —  more  favorabfe  signa!  noise  ratio  and  in- 
creased  selectivity.  The  Ir  Amplifier  of  the  Super 
Skyrider  has  been  designed  for  permanency  of  adjust- 
ment  under  conditions  of  extreme  changes  in  tem- 
perature  and  humidity  as  well  as  unusual  mechanical 
vibratioo.  When  you  see  the  new  Super  Skyrider  you 
will  then  know  why  the  Hallicrafters  lead  in  Com¬ 
munications  equipment  value. 

FEATURES 

Micrometer  scale  tuning  inertia  controlled  —  Cali- 
brated  band  spread  inertia  controlled  —  Tone  and 
AC  ON-OFF —  Beat  Frequency  Oscillator — A.F. 
Gain  —  R.F.  Gain  —  6  Position  band  switch  —  An¬ 
tenna  Trimmer  —  6  Position  selectivity  control  — 
Crystal  phasing  —  Adjustable  noise  limiter  —  Send- 
Receive  Switch  —  A.V.C.-B.F.O.  Switch  —  Bass  boost 
switch  —  Phone  jack. 

15  Tubes. 

6  Bands  for  most  satisfactory  L/C  ratio. 

2  R.F.  stages  on  bands  3  to  6. 

Push-pull  high  fidelity,  audio  output. 

6  Step  wide  range  variable  selectivity. 


Band  pass  audio  filter. 

Wide  angle  “S"  meter. 

Phone  jack. 

Adequate  headphone  output. 

Improved  signal  to  image  and  noise  ratio. 
80/40/20/10  Meter  amateur  bands  calibrated. 
Temperature  compensated  high  frequency  oscillator. 

New  type  inertia-contrplled  back-lash  free  dial  mech- 
anism  on  both  main  tuning  and  bandspread  dials.  This 
mechanism  is  preloadetf  and  the  main  shafts  are 
supported  at  both  ends  with  ball  hearings. 

The  chassis  is  removed  from  the  front  panel  and 
firmly  positioned  with  two  brackets  which  support  it 
without  danger  of  strain  or  torque. 

Both  main  tuning  and  band  spread  condensers  are 
semi-floating  and  mounted  to  the  chassis  at  three 
points. 

FREQUENCY  RANGE: 

Band  1  —  540  to  1650  kc. 

Band  2  —  1.5  to  3.2  mc. 

Band  3  —  3.0  to  6.2  mc. 

Band  4  —  5.5  to  12.0  mc. 

Band  5  —  11.0  to  32.0  mc. 

Band  6  —  21.0  to  43.0  mc. 

Cabinet  dimensions  —  20'/j"  long —  l4'/i"  deep  — 
9 W'  high. 

The  MODEL  SX-28  receiver  with  crystal  S1EQ50 
and  tubes,  less  speaker . .....Net  1 

Hallicrafters  Jensen  bass-reflex  enclosure  including 
12"  speaker  30"  high —  16"  deep  —  22Vi"  wide 

Model  R12 . $29.50 

Hallicrafters  Jensen  bass-reflex  enclosure  8"  speaker 
23V4"  high  —  lO'/i"  deep  —  17V4"  wide  —  Model 
R8 . $19.50 
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WORLD’S  LARGEST  BUILDERS  OF  AMATEUR  COMMUNICATIONS  EQUIPMENT 


A  de  luxe  model  acclaimed  by  amateurs  ar 
over  the  U.  S.  as  the  finest  amateur  receiver^ 
ever  manufactured  at  anywhere  near  this 
price.  It  offers  even  better  performance  than 
that  of  the  famed  SX- 1 7.  lts  general  circuit  is 
based  on  the  proved  efficiency  of  America’s 
best  selling  receiver,  the  Skyrider  DEFIANT. 

Among  its  outstanding  advantages  are  ex¬ 
treme  selectivity  with  more  and  better 
audio.  The  design  of  the  crystal  filter  makes 
possible  critical  CW  operation  under  trying 
conditions  of  interference,  and,  in  addition, 
the  sensitivity  of  the  receiver  is  raised  from 
2.8  to  4  times  in  the  “CW  Xtal”  position 
when  the  receiver  is  tuned  to  the  exact 
resonant  frequency  of  the  crystal  itself;  this 
means  more  usable  sensitivity. 

Both  1F  stages  are  expanded  in  the  “Broad 
IF”  position  for  high  fidelity  performance. 
An  effective  AVC  or  automatic  volume  con¬ 
trol  circuit  keeps  most  signals  at  uniform 
audibility.  The  automatic  noise  limiter 
reduces  interference  by  as  much  as  70%. 
The  extremely  low  noise  level  of  the  SUPER 
DEFIANT  makes  it  sensitive  to  very  weak 
signals. 

Every  part  is  placed  for  best  performance 
without  regard  for  symmetry  or  beauty. 
Being  self-contained  there  are  no  external 
units  except  the  speaker.  Tuning  is  effort- 
less.  Controls  are  conveniently  located. 


FEATURES 


ages  of  preseleciion. 
felve  tubes: 

ferall  range  540  kc  «o  42  mc  in  four  bands: 

1  —  540  kc-1700  kc. 

2  —  1.7  mc-5.1  mc. 

3  —  5,0  mc-15.5  mc. 

4  —  1 5. 1  mc-42  mc. 

Separate  calibrated  bandspread  dial  for  the  10,  20, 
40  and  80  meter  bands  provides  frequency  meter 
tuning. 

Oscillator  compensation  for  frequency  stability. 
Automatic  noise  limiter. 

Six-step  variable  selectivity  covering  from  wide  range 
high  fidelity  to  extreme  CW  crystal. 

S  meter  calibrated  in  “S”  and  “DB”  units. 

Push-pull  output  stage  furnishes  8  watts  of  audio. 
Front  panel  Controls:  RF  Gain,  Selectivity  Switch, 
Crystal  Phasing,  Audio  Gain,  Pitch  Control,  Main 
Tuning  Control,  Bandspread  Tuning  Control,  ANL 
Switch,  Hi-Lo  Tone,  Send-Receive  Switch  and  BFO 
Switch. 

External  provision  for:  Send-Receive  Terminals, 
Headphones,  5000  or  500  ohm  Output,  Single  Wire 
or  Doublet  Antenna. 

Laboratory  checked,  piezo  quartz  crystal  filter  included 
as  Standard  equipment. 

Ten-inch  heavy  duty  PM  dynamic  speaker  in  matching 
metal  cabinet  included  as  Standard  equipment. 
Dimensions  of  receiver  cabinet  only:  l9Vt"  long, 
9V4"  high,  L  1*4"  deep. 

110  volt  50-60  cycle  AC  operation.  DC  operation 
Socket  provided  for  battery  or  vibrapack. 

The  SUPER  DEFIANT  (Model  SX-2  5)  —  Complete 
with  speaker,  crystal  and  tubes.  Shipping  Q50 

weight  52  lbs .  ““ 

Extra  for  Univ.  1 10-250  volts,  25-60  cycles.  .$5.00 
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WORLD’S  LARGEST  BUIIIIERLOF  AMATEUR  COMMUNICATIONS  EQUIPMENT 


The  S. 


IR  DEFIANT 

SX-24 

WITB 

FREQUENCY 
METER 
UNING 


The  Skyrider  Defiant  offers  perform¬ 
ance  that  can  be  favorably  compared 
only  with  most  receivers  at  twice  the 
price.  Every  advanced  feature  of  the 
entire  Hallicrafters  line  is  incor- 
porated  in  this  unit.  Truly,  it  has  all  of 
the  desirable  features  and  qualities 
that  are  needed  for  outstanding  ama¬ 
teur  reception.  Four  bands  cover  the 
range  from  545  kc  to  43.5  mc;  fre- 
quency  meter  tuning  on  10,  20,  40 
and  80  meter  amateur  bands.  Tubes  — 
3-6SK7,  1-6K.8,  1-6SQ7,  1-6F6G, 
1-6H6,  1-7 6,  1-80.  Controls  include 
RF  gain,  selectivity  switch,  crystal 
phasing,  audio  gain,  pitch  control, 
main  tuning  control,  bandspread  tun¬ 
ing  control,  A.N.L.  switch,  Hi-Lo 
tone,  send-receive  switch  and  BFO 
switch.  Cabinet  size —  19  V2"  long, 
9V%'  high,  10i/8"  deep.  For  operation 
from  110  volt  50-60  cycle  AC.  For 
110  volt  AC  operation  from  6  volt 
DC  use  No.  301  Electronic  Converter. 


FEATURES 

One  stage  of  preselection. 

Accurately  calibrated  bandspread  dial 
throughout  the  amateur  bands. 

Frequency  stability  throughout  a  wide  range 
of  line-voltage,  humidity  and  temperature 
variations. 

DC  operation  socket —  battery  or  vibrapack. 

A  brand  new,  highly  efficiënt,  noise  limiter 
circuit. 

Six  point  variable  selectivity  from  sharp  CW 
crystal  to  high-iidelity. 

Terminals  provided  for  break-in  relay  oper¬ 
ation.  Single-signal  crystal  filter  Standard 
equipment. 

Meter  calibrated  in  both  S  and  DB  units. 

The  SKYRIDER  DEFIANT  (Model  SX-24) 
complete  with  tubes  and  crystal.  JZQ5|) 
Shipping  weight401bs.  (SKYFY)..  0/ 

The  SKYRIDER  DEFIANT  (Model  SC-24) 
—  With  tubes,  crystal  and  10"  PM23 
Dynamic  Speaker.  Shipping  weight  $0151) 
56  lbs .  Ol 


Extra  for  Univ. 
cycles . 


110-250  volts, 


2  5-60 

.$5.00 
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The  SK 


FEATURES 

8  bandswitch  positions. 

Bands  1-2-3 -4  cover  545  kc  to  44  mc 
continuously. 

Bands  5 -6-7-8  are  pre-set  band  spread  for 
the  amateur  10,  20,  40,  and  80  meter  bands. 

Six-step  variable  selectivity. 

Improved  noise  limiter  circuit. 

Frequency  stability,  both  from  temperature- 
humidity  effects  and  from  line  voltage 
variations. 

“Venetian  Blind”  dial,  band  indicator  and 
S-DB  meter. 

Completely  shielded  crystal  circuit  and 
phasing  control  —  permeability  tuned  coil 
—  with  separate  shielded  compartment  for 
crystal. 

TheSKYRIDER  23  (Model  SX2 3)  — Com¬ 
plete  with  tubes  and  crystal.  Ship-  $1|  C5U 
ping  weight  56  lbs.  (SKYNU). .  11 

The  SKYRIDER  23  (Model  SX23)  —  Com¬ 
plete  with  tubes,  crystal,  10" 

PM  2  3  Speaker .  \Ai 

Extra  for  Univ.  110-250  volts,  25-60 
cycles . $5.00 


The  SX-23  is  a n  outstanding  example 
of  the  ability  of  Hallicrafters  engi- 
neers  to  produce  a  unit  of  superior 
efficiency  offering  for  the  first  time 
compensated  frequency  stability, 
eliminating  drift.  The  main  feature  of 
the  new  band-spread  System  is  its  reset 
accuracy.  There  is  no  band-set  dial  to 
fuss  with.  The  same  station  always 
comes  in  at  the  same  place  on  the  dial. 
The  band  indicator  harmonizes  with 
the  S-DB  meter,  and  is  direct  reading 
Tubes  —  3-6SK7,  1-6SA7,  2-6SJ7 
1-6SQ7,  1-6B8,  1-6H6,  1-6F6G 
1-80.  Controls,  RF  gain,  pitch  con 
trol,  tone  control,  selectivity  switch 
A.N.L.  switch,  band  switch,  send 
receive  switch,  audio  gain,  crystal 
phasing  control,  main  tuning  control 
and  phone  jack.  Cabinet  size  —  19" 
long,  9*4"  high,  12l/£"  deep.  For 
operation  from  110  volt  50-60  cycle 
AC.  For  110  volt  AC  operation  from  6 
volts  DC  use  No.  301  Electronic 
Converter. 
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FEATURES 

Continuous  coverage,  44  me  to  545  kc. 

Plus  the  10  meter  band  with  uniform 
sensitivity  over  the  entire  band. 

Fout  bands. 

Electricai  band  spread. 

Illuminated  band  spread  scale  covering 
360°. 

Separate  band  spread  section  condenser 
with  ball  hearing  mounting. 

Built-in  5"  dynamic  speaker  with  floating 
rubber  supports. 

Beat  frequency  oscillator. 

Built-in  line  filter. 

Six  tubes  with  8-tube  functions. 

6K8  Converter  tube  uses  separate  filter 
supply  for  greater  stability. 

Band  switch. 

AVC  switch. 

Send-receive  switch. 

Pitch  control. 

Baked  black  crackle  cabinet  17l/2"x  #<*qcq 
8^4"  x  8V4".  Amateurs’  net  price. . .  *  J 


the 
ing 
.  One 

that  could  be  sold  at  a  moderate  price  yet 
produce  superior  performance  for  this  type 
of  receiver.  The  Sky  Buddy  covers  every- 
thing  on  the  air  from  44  mc  to  545  kc,  in- 
cluding  the  10,  20,  40,  80  and  160  meter 
amateur  bands.  It  now  employs  the  same 
electricai  bandspread  system  used  in  the 
higher  priced  Hallicrafter  models.  In  no 
other  similar  receiver  but  the  Sky  Buddy  can 
be  found  such  extremely  smooth  and  satis- 
factory  electricai  bandspread  action.  The 
stator  plates  are  an  integral  part  of  the  main 
condenser  and  the  separate  rotor  sections 
are  driven  by  a  gearless  mechanism  through 
the  separate  bandspread  knob.  The  Sky 
Buddy  is  equipped  with  conveniently  ar- 
ranged  Controls  enabling  the  operator  to 
realize  the  maximum  in  performance. 


Read  and  check  all  the  outstanding  features 
and  carefully  compare  the  Sky  Buddy  with 
Communications  receivers  selling  at  any- 
where  near  this  moderate  price.  When  you 
operate,  and  know  the  exceptional  sensitiv¬ 
ity  and  selectivity  of  this  unit,  you  too  will 
agree  to  its  superior  performance  and  amaz- 
ing  ease  of  operation  even  under  the  most 
trying  conditions. 
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WORLD'S  LARGEST  BUILDERS  01  AMATEUR  COMMUNICATIONS  EQU1PMENT 

mmmm 


Frequency 
Amplitude  Modulal 


1 5  Tubes.  3  bands:  27  to  46  mc;  45  to  : 

81  to  145  mc;  Switch  changing  from  FN 
AM  reception.  Uses  Acorn,  1852,  and  BeahJN 
Power  tubes.  Controls  are:  R.F.  gain  control. 
Band  switch.  Antenna  trimmer.  I.F.  selectivity 
control  and  power  switch.  Volume,  Pitch, 


[and  Tone  Control.  S  meter  adj.  AVC  on-off 
and  send-receive  switch.  Phone  jack.  110 
yolt  50-60  cycle  AC.  Cabinet  19"  x  9"  x  14". 
Model  S-27  complete  with  tubes  SITCOO 
(shipping  wt.  7  5  lbs.) . 


A  5-frequency  phone  and  Cw  unit  rated  at 
watts  on  phone  (carrier  output).  Coils  avail. 
to  30  mc.  14  tubes.  110  volt.  50-60  cycles  / 
UW".  ShippinR  wt.  165  lbs. 


on  Cw  and  /.■> 
all  bands  from  1.7 
.  Cabinet  28"  *  18  W'  x 


II995O 


MODEL  HT-9  —  Complete  with  tubes,  but  less  crystals 

and  coils . . . 


160-80-40  Meter  coils  (for  operation  on  crystal  frequency)  each  set, 
$6.65  .  20-10  Meter  coils  (for  operation  on  twice  crystal  frequency)  eacli 
set,  $8.95.  160-80-40  Meter  crystals,  each,  $4.80.  20  Meter  crystals  (for 
10  meter  operation),  each,  $5.75. 


COMPft 


S-30 


RADIO 


The  model  S-30  radio  compass  and  direcü^ 
enables  you  to  check  your  position  against 
cast  or  shore  radiophone  stations.  6  td^^P^^erage 
from  200  to  3000  kc  (1500  to  100  m<^4P^5n  3  bands. 
Cabinet  11"  x  10%  "  x  7%"  (heigl^uicluding  loop 
23  Vt").  Model  S-30  complete  with  tubes,  head  JÖQ50 
phones  and  6  volt  vibrapack  power  supply..  .net  / 

Separate  emergency  battery  box  complete  . . .  .net  $19.45 
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Experience  a  real  sensation  by  operating  the 
Hallicrafters  HT-6.  A  transmitter  which 
offers  many  advantages  for  the  operator. 
Instant  band-switching  is  provided  for 
selection  of  any  one  of  three  amateur  bands. 
The  transmitter  may  be  operated  on  any 
band  from  5  to  160  meters  inclusive,  pro- 
viding  25  watts  output,  except  on  5  meters 
where  it  is  slightly  lower. 

Coils  for  any  three  bands  may  be  plugged  in, 
pre-tuned,  and  then  switched  at  will  by  a 
control  on  the  front  panel,  which  properly 
connects  all  circuits  from  crystal  to  antenna. 
Coils  are  available  for  any  amateur  band,  5 
to  160  meters  with  crystal  control;  or  with 
ECO  on  the  160,  80,  40,  20  meter  bands. 

A  special  form  of  oscillator  keying  gives  a 
clean  chirpless  signal,  providing  for  break- 
in  operation  on  CW. 

Any  high  level  high  impedance  mike  may  be 
used,  such  as  an  Astatic  type  D-104  or  Shure 
706-SA. 

Excellent  voice  quality  with  100%  modula- 
tion  is  assured.  Output  circuit  is  adjustable 
to  match  any  load  of  from  10  to  600  ohms. 
The  entire  rig  including  the  complete  audio 
system  and  power  supplies  is  housed  in  a 
table  model  metal  cabinet  20"  x  9"  x  15". 


FEATURES 

Frequency  range  1.7  mc  to  60  mc  —  Power 
drain  about  120  watts  CW  and  225  watts 
phone.  Tube  complement:  1-6L6  Osc.- 
dblr.,  1-807  final  R.F.  amplifier,  1-6F5 
microphone  amplifier,  1-6J5  audio  ampli¬ 
fier,  2-6L6G  modulators  and  2-5Z3  recti- 
fiers.  All  plug-in  coil  units  except  the  final 
tanks  include  their  own  air  timing  con- 
densers  and  are  individually  shielded  with 
the  tuning  knobs  projecting  through  the 
shield  cans.  Cabinet  dimensions  20"  x  9"  x 
15".  For  operation  on  110  volts  50-60 
cycle  AC. 

MODEL  HT-6  —  Transmitter  with  tubes,  less  SQQ00 
coils  and  crystals.  Ship  wt.  67  lbs.  (TRANO)  ““ 

Coils  for  160,  80,  40  or  20  meter  operation,  each 

set . S4.9S 

F. CO.  unit  for  160,  80,  40  or  20  meter  operation  for 

corresponding  coils  listed  above,  each . $3.65 

Set  of  coils  for  5  or  1 0  meter  operation  on  t  wice  crystal 

frequency,  each  set . $6.95 

Random  Frequency  Crystal  for  160,  80,  40  meters, 

each . $4.80 

Random  Frequency  Crystal  for  20,  10  and  5  meters, 
each . $5.75 

Extra  for  220  volt  50-60  cycle  operation . $7.50 
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11  tubes 


'FEATURES 


A  moderately  priced  complete  ship  to  shore  1 1  tube 
radio  transmitter  and  receiver.  The  ideal  unit  for  the 
smaller  pleasure  craft  who  want  the  added  safety  of 
Radiophone.  Rust  proofing  and  corrosion  protective 
used  throughout.  Rigid  construction  —  attractively 
finished —  compact  in  shape,  small  in  size  (14 Vfc"  x 
8%"  x  914").  light  in  weight. 


i  ciysu 

in  the  range  of  2000  to  3000  kc.  Receiver  is  manually  tuned. 
Band  No.  1  —  550  to  1700  kc.  —  Band  No.  2  —2  to  3mc- 
Transmitter  channel  switch  —  Receiver  Band  Switch  — 
Receiver  Volume  Control  and  On-Off  Switch — Recesver 
T uning  —  Transmitter  Fïl.  Off-On  Switch  —  Speaker  — 
Headphone  Switch  —  Handset  with  Send-Receïver  Push 
Button. 

Complete  with  tubes —  110  volt  AC  operation  S4j4Q50 
—  less  crystal  and  Installation,  Net.  . . 


Specificaily  designed  for  m  the  range 

from  1 6.2  to  2150  meters  110  kc).  Im- 

proved  image  rejection  at  the  ^^P^r  frequencies  is 
achieved  through  the  use  of  1600^  1F  Transformers. 
The  directly  calibrated  main  tuning  dial  eliminates  the 
use  of  complicated  charts  and  tables.  An  efficiënt 
mechanical  bandspread  with  separate  dial  provides 
easy  Jogging. 


FEATURES 


Built  for  110  volt  AC-DC  operation.  Also  may  be 
operated  from  6  volt  battery  supply  with  the  addition 
of  a  Model  No.  301  Electronic  Converter.  Dimensions 
1814"  X  9Vi"  *  814"  high-  The  SKYRIDER  MARINE 
(Model  S-22-R)  —  Complete  with  tube$  and  Sc  150 
speaker.  Shipping  weight  31  Ibs..  (SKYCU) 
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10007 


10008 


11035 


10065 


26100 


39003 


10000 


39001  39006  39002 


40305 


45500 


44001  43001 


24935 


22075 


21935 


20935 


MILLEN  MODERN  PARTS 


MILLEN  RADIO  PRODUCTS  are  well  desigiiecl  modern  parts  for  modern  circuits, 
atlractively  packaged,  moderately  priced,  and  fully  guaranteed.  They  have  been  de- 
signed  with  a  view  toward  easy  and  practical  application  as  well  as  eflicient  perform¬ 
ance.  For  instance,  the  terminals  are  located  so  as  to  provide  shortest  possible  leads, 
mounting  feel  are  designed  for  easy  insertion  of  screws  and  sockel  conlacts,  so  that  the 
solder  won’t  run  down  inside  thera  and  make  impossible  the  insertion  of  the  tube,  etc. 
Thus  our  slogan,  "Designed  for  Application.”  Our  genera)  catalog  is  available  for  the 
asking  either  from  your  favorite  parts  supply  house  or  direct  from  ihe  factory.  Herewith 
we  list  those  parts  which  are  most  generally  specified  in  the  Handbook. 


Code 

Description 

Nel  Price 

10000 

Worm  Drive  Unit 

$3.00 

10001 

Drum  Meter  Dlal-0-100 

1.85 

10007 

1 H"  Nlckel  Sllver  last.  DiaJ-0-100 

.45 

10008 

3  H"  Nlckel  Sllver  Inst.  Dial-0-100 

.90 

10050 

Dial  Lock 

.35 

10060 

Shaft  Locke  for  H"  Shalts 

.36 

10065 

Vernler  Drive  Unit 

.36 

20015 

Steatlte  Ultra  Mldget  15  mmfd  SS 

.60 

20035 

Steatlte  Ultra  Mldget  35  mmfd  SS 

.75 

20050 

Steatlte  Ultra  Mldget  50  mmfd  SS 

.85 

20100 

Steatlte  Ultra  Mldget  100  mmfd  SS 

1.15 

20140 

Steatlte  Ultra  Mldget  140  mmfd  SS 

1.30 

20920 

Steatlte  Ultra  Mldget  20  mmfd  DS 

.85 

20935 

Steatlte  Ultra  Mldget  35  mmfd  DS 

.90 

21050 

Steatlte  Ultra  Mldget  50  mmfd  SS 

1.10 

21100 

Steatlte  Ultra  Mldget  100  mmfd  SS 

1.30 

21140 

Steatlte  Ultra  Mldget  140  mmfd  SS 

1.50 

21935 

Steatlte  Ultra  Mldget  35  mmfd  DS 

1.20 

22075 

Steatlte  Mldget  75  mmfd  SS 

1.10 

22100 

Steatlte  Mldget  100  mmfd  SS 

1.15 

22140 

Steatlte  Mldget  140  mmrd  SS 

1.35 

22915 

Steatlte  Mldget  15  mmfd  DS 

.85 

22935 

Steatlte  Mldget  35  mmfd  DS 

.90 

22950 

Steatlte  Mldget  50  mmfd  DS 

1.00 

23075 

Steatlte  Dual  Mldget  75  mmfd  per  sec- 

tlon  SS 

1.89 

23100 

Steatlte  Dual  Mldget  100  mmfd  per  sec- 

tlon  SS 

2.04 

23925 

Steatlte  Dual  Mldget  25  mmfd  per  sec- 

tlon  DS 

1.68 

23950 

Steatlte  Dual  Mldget  50  mmfd  per  sec- 

tlon  DS 

1.92 

24100 

100  mmfd  per  section.  Single  spaced 

2.10 

24935 

35  mmfd  per  gectlon.  Doublé  apaced 

2.10 

25130 

93-130  Air  Padder 

1.25 

26025 

3.2-25  Air  Padder 

.80 

26050 

4-50  Air  Padder 

.90 

26075 

4.3-76  Air  Padder 

1.00 

26100 

■5-97  Air  Padder 

1.10 

26140 

6.5-140  Air  Padder 

1.25 

26920 

4,5-20  Air  Padder 

.90 

26935 

5.5-36  Air  Padder 

27010 

10  mmf  Sllver  on  Mica 

.30 

27025 

25  mmf  Sllver  on  Mica 

.30 

27050 

50  mmf  Sllver  on  Mica 

.30 

27100 

100  mmf  Sllver  on  Mica 

.30 

11000.  12000,  13000,  14000  SERIES  COXDENSERS 

077"  air  gap  Is  for  3000  volt  peak  rating 

MILLEN  TYPE 

Code 

Capacitv  per  side 

Air  Gap 

Voltage 

Net 

Max. 

Min, 

Rating 

Price 

11035 

36 

4.6 

.077" 

3000 

$5.75 

11050 

51 

6.5 

.077 

3000 

5.95 

1 1070 

74 

9.5 

.077 

3000 

6.50 

13035 

35 

4.9 

.077 

3000 

3.S0 

1 3050 

49.5 

6.3 

.077 

3000 

4.35 

13070 

71 

7.3 

.077 

3000 

4.90 

14200 

204 

10.7 

.077 

3000 

6.50 

14100 

90.5 

12.9 

.171 

6000 

10.00 

14050 

.171 

6000 

6.00 

14060 

60 

.265 

9000 

10.00 

COX  VENT  ION  AL  SINGLE  SECTIOX  TYPE 

Code 

Capacüy  per  seclion 

.4  ir  Gap 

Finish  on 

Net 

Mln , 

Max. 

Plates 

Price 

12935 

9 

37 

.176" 

Pollshed 

$3.60 

12936 

9 

37 

.176 

Plain 

3.25 

12536 

6 

43 

.077 

Plaln 

2.00 

12551 

7 

90 

.077 

Plain 

2.25 

12576 

9 

76 

.077 

Plaln 

2.50 

12510 

12 

101 

.077 

Plain 

3.00 

12515 

18 

151 

.077 

Plain 

3.75 

CONVENT  ION  AL  DOUBLÉ  SECTIOX  TYPE 

Code 

Capacity 

Mln. 

)er  seclion 

Max. 

Air  Gap 

Finish  on 
Plates 

Nel 

Price 

12035 

6 

43 

.077" 

Pollslied 

$3.60 

12036 

6 

43 

.077 

Plain 

3.25 

1 2050 

7 

55 

.077 

Pollshed 

4.25 

12051 

7 

99 

.077 

Plain 

3.60 

12075 

9 

76 

.077 

Pollshed 

5.50 

12076 

9 

76 

.077 

Plaln 

4.50 

JAMES  MILLEN  MFG.  CO.,  INC. 

MAIN  OFFICE  Vx  AND  FACTORY 

MALDEN,  MASSACHUSETTS,  U.S.A. 
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DESIGNED  for  APPLICATION 


Code 

Dcxcripiion 

Xtl  Price 

43081 

Mldget  coils  lor  eacli 

$  .90 

43161 

band.  Mounted  on  Xo.  40205 

.90 

44000 

QuartzQ  lorm  IV'  dia.  x  3 H  " 

.75 

44001 

QuartzQ  blank  form  and  plug 

J  .20 

44005 

1.50 

44010 

1.50 

44020 

1.50 

44040 

100  watt”  coils 

1.50 

44080 

for  each  band.  Mounted  ou 

1.90 

44180 

No.  40305  plug. 

2.10 

44500 

45000 

SwloKlog  link  and  Socket 

Coll  Form,  lw  dia.  no  p.,  low  loss  mlcu 

1.75 

base  Phenoilc 

.21 

45004 

Coll  Form,  1"  dia.  4  p.,  low  loss  mica 

base  Phenoilc 

.30 

45005 

Coll  Form.  1"  dia.  5  p. .  low  loss  mica 

base  Phenoilc 

.30 

45500 

Col  Form,  ft"  dia.,  Steatlte 

.45 

46100 

Col!  Form.  1 W  dia.  no  p..  QuartzQ 

.45 

47001 

47002 

Coll  Form,  W  dia..  QuartzQ  J 

Coll  Form,  W  dia.,  QuartzQ 

.10 

.15 

47003 

Coll  Form,  V'  dia,,  QuartïQ 

.35 

47004 

Coll  Form.  V'  dia.,  QuartzQ 

.35 

55001 

Sheet,  3  x  8  VS  x  .  1 .  Qüarfczt } 

.35 

58000 

77083 

Coll  Dope.  2  oz..  QuartzQ 
"83”  Hash  Filter  250MA 

.30 

1.00 

77866 

”866  "  Hash  Filter  50UMA 

1 .25  pr. 

77872 

”872”  Hash  Tllter 

1 .40  pr 

79020 

14mc  Band  Wave  Trap 

.75 

79040 

7mc  Band  Wave  Trap 

.  75 

79080 

3.5mc  Band  Wave  Trap 

.7.» 

79180 

1.7mc  Band  Wave  Trap 

.77» 

Air  Trimmed 

60454 

456  Diode  Air  Core 

2.75 

60455 

456  Interatage  (1)  Air  Core 

2.75 

60456 

456  Interatage  (2)  Air  Core 

2.75 

60501 

5000  Interatage  (2)  Air  Core 

2.75 

60502 

5000  Dl4.de  Air  Core 

2.75 

60503 

5000  FM  Interatage  Air  Core 

3.  OU 

60504 

5000  FM  Dlsc  Air  Core 

3.00 

62161 

1600  Interstate  Iron  Core 

3.00 

62162 

1600  Diode  Iron  Core 

3.00 

62454 

456  Diode  Iron  Core 

3.00 

62456 

456  Interatage  Iron  Core 

3.00 

63163 

1600  BFO  Air  Core 

2,50 

63456 

456  BFO  Air  Core 

2.50 

63503 

5000  BFO  Air  Core 

2.50 

Mica  Trimmed 

67454 

456  Diode  Iron  Core 

1.25 

67456 

456  Interatage  Iron  Core 

1.25 

6760» 

5000  FM  Interatage  Air  Core 

1.50 

67504 

5000  FM  Dlsc  Air  Core 

1  50 

Permeaöilttsi  Tuned 

64454 

456  Diode  (2) 

1 .35 

64456 

456  Interatage  (2) 

1 ,35 

65456 

456  BFO 

Trlpie  Tuned 

66454 

456  Diode 

1.75 

66456 

456  Interatage 

1.75 

90600 

Complete  set  of  four,  In  case 

6.50 

90605 

Range  2.8  to  9.7  me. 

1.65 

90606 

Range  9.0  to  28  rac, 

1.65 

90607 

Range  26  to  65  mc. 

1.65 

90008 

Range  50  to  140 

1.65 

90721 

Hetrofll 

3.50 

Code 

Dexcriptio/i 

Xet  Price 

27160 

150  namf  SU  ver  on  Miea 

S  .35 

28030 

30  mmfd  Mica  Padder 

.15 

30001 

Standoff,  H  x  IH.  QuartzQ 

.15 

30002 

Standoff,  Ü  x  2%,  QuartzQ 

.21 

30003 

Standoff,  H  s  2%.  QuartzQ 

,55 

30004 

Standoff.  h  x  4  7A.  QuartzQ 

.65 

31001 

Standoff,  H  x  1,  Isolantlte 

.12 

31002 

Standoff,  x  2^,  Isolantlte 

.18 

31003 

Standofl,  \  x  2.  Isolantlte 

.30 

31004 

Standoff,  ‘4  *  3  Isolantlte 

.42 

31011 

Cone,  H  x  K.  steatlte 

.05 

31012 

Cone,  lxl,  Steatlte 

.15 

31013 

Cone,  1H  x  1,  Steatlte 

.21 

31014 

Cone,  2x1,  Steatite 

.27 

31015 

Cone,  3  X  1  Y>.  Steatlte 

.45 

31017 

Cone  wlth  base  and  jack,  1 high. 

Steatlte 

.30 

31018 

Cone  wlth  base  and  screw  top.  1 V'  high. 

Steatlte 

.21 

32100 

Steatlte  Bushing  for  Y%n  hole 

.30 

32101 

Steatlte  Bushing  for  H"  hole 

.35 

32102 

Steatlte  Bushing  for  4 "  hole 

.20 

32103 

Steatlte  Bushing  for  4 "  hole 

.45 

32150 

Isolantlte  Thru-bushlng,  for  4"  hole 

.05 

33002 

Crystal  Socket 

.25 

33004 

4  Prong  Socket 

.24 

33005 

5  Prong  Socket 

.24 

33006 

6  Prong  Socket 

.24 

33007 

7  Prong.  I.aree,  Socket 

.34 

33008 

8  Prong.  Octal.  Socket 

.24 

J  33087 

Base  Clamp  for  807  etc. 

.30 

33105 

Acorn  Socket,  QuartzQ 

.90 

3 3888 

Alumlnum  SMeld  for  33008 

.IS 

33991 

Socket  for  991  etc. 

.45 

34010 

Shlelded  10  MH  recelvtng 

.60 

34100 

UnI versal  2.5  MH 

.36 

34101 

Unlversal  2.5  MH.  less  StandolT 

.30 

34102 

Commercial  type  2.5  MH 

.36 

34140 

Unlversal  air  core  Transmlttlng 

1.00 

34150 

Amateur  Band  Iron  Core 

1 .75 

34210 

General  Purpose  RFC  10  MH 

.30 

34225 

General  Purpose  RFC  25  MH 

.35 

34240 

General  Purpose  RFC  40  MH 

.40 

34285 

General  Purpose  RFC  85  M  H 

.50 

34800 

Interruptlon  Frequency  Osciüator  Coil 

.90 

36001 

Ceramlc  Plate  Cap,  9/ 16"  for  866  etc. 

.21 

36002 

Ceramlc  Plate  Cap,  M”  for  807  etc. 

.21 

37001 

Black  Bakelite  Safety  Terminal 

.35 

37104 

Four  Terminal.  Black  Bakeilte 

oo 

37105 

Flve  Terminal,  Steatlte 

.45 

37202 

Steatlte  Plates,  Pr. 

.21 

37211 

Bracket 

.15 

37222 

Terminal  Posts,  Pr. 

.30 

37501 

Low  Loss  Mica  Bakeilte  Safety  Terminal 

.45 

38001 

Isolantlte  43/16"  O.D.  Beads  (Pk  of  50) 

.30 

38500 

100  Beads,  5/16"  dia..  QuartzQ 

.60 

39001 

Truly  Flexlble  Isolantlte 

.36 

39002 

Conventlonal 

.36 

39003 

Solid  Bras»  X.P. 

.15 

39005 

Unlversal  Joint.  Xon-Insulnted 

.36 

39006 

SI  1de  Actioii 

.36 

40205 

Mldget  Plug 

.24 

40305 

Intermediate  size  plug 

.45 

41205 

Mldget  Socket 

.30 

41305 

Intermediate  slze  Socket 

.45 

43001 

QuartzQ  blank  form  and  plug 

.90 

43011 

.90 

43021 

center  link.  Xo.  2,  end  link. 

.90 

43041 

plug.  Xo.  1  at  end  of  code  means 

.90 

JAMES  MILLEN  MFG.  CO.,  INC. 

MAIN  OFFICE  Ox  AND  FACTOR Y 

MALDEN,  MASSACHUSETTS,  U.S.A. 
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ARMY-NAVY  9534 

SPECIFICATION 

CONNECTORS 

Connectors  for  radio  and  eleclrical  work,  with  conduit  fit¬ 
tings  and  accessories.  are  now  available  in  arrangements  freon 
1  to  45  contact#  and  ratings  from  2  to  200  amperes.  Deslgned 
for  maximum  interchangeability.  wherein  60  different  insulating 
bakelite  element®  can  be  adapted  to  four  styles  of  metal  bot 
ings  in  both  straight  and  chassis  types  as  well  as  90“  angle 
fittings.  Specified  for  Anny  and  Navy  work.  but  equally  de- 
sirable  for  broadcasting  hook  ups  and  industrial  or  marine  use. 


rwil 


i  | 


AMPHENOL  "912-A"  and  "912-B" 

912-A  —  Transpaïent  Polystyrene  —  is  the  world's  finest  in- 
sulating  material  for  high  and  ultra-high  frequency  use.  Best 
for  high  frequency  circuits,  providing  temperatures  in  excess  of 
190°  F.  are  not  encountered.  Available  in  rods  and  squares  for 
machining,  liquid  fonn  for  coll  dipping,  or  molded  into  finished 
Products  such  as  octal,  loktal,  miniature.  and  crystal-holder 
sockets.  coil  forms,  insulators,  co-axial  cable  insulating  beads, 
alignment  tools,  and  other  accessories.  Moisture  absorption  nil. 
At  1,000.000  cycles.  power  factor  is  0.00025  and  dielectric  con¬ 
stant  3.  Tensile  strength,  5.500  —  7,000  pounds  per  square  Inch. 

912-B  is  a  transparant  synthetic  resin  product,  a  mechanically 
strong  insulating  materiaL  Being  a  thermo-plastic,  it  can  be  heat- 
ed  to  212°  F.,  at  which  po  int  it  becomes  soft  and  pliable  and  read- 
ily  formable  into  any  desired  shape.  As  it  is  a  good  transmitter  of 
lighb  bent  rods  are  often  used  in  medical  diagnostic  Instruments, 
while  rings  around  the  perimeter  of  instrument  panels  provide 
diffused  lighting.  Available  in  sheets,  rods,  tubing,  or  thin  film. 


CO-AXIAL  CABLE  and  ACCESSORIES 

For  radio  antenna  and  high  frequency  leads  in  transmitters, 
receivers.  public  address  Systems,  television,  sensitive  measuiing 
devices,  etc.  Insulated  with  pure  polystyrene  beads.  Exception- 
ally  loss  free.  Manufactured  in  many  sizes  for  both  outdoor  and 
indoor  use.  Shielding  of  braided  flexible  wire.  copper  tubing.  or 
flexible  metal  covering.  Connectors.  shield  clamps,  terminals,  etc., 
for  installaüon  available.  Our  engineers  will  help  with  your  problems. 


STEATITE  PRODUCTS 

Newly  developed  Steatite  meets  U.  S.  govemment  specifica- 
tions,  is  non-hygToscopic.  and  has  a  lower  loss-factor  than  ordi- 
nary  Steatite.  Amphenol  Steatite  sockets  are  recommended  for  hiqh 
frequency  work  where  high  temperatures  are  encountered,  in  trans¬ 
mitters  and  amplifiers  where  the  output  is  in  excess  of  20  watts,  for 
plug-in  coil,  crystaL  and  transformer  receptacles.  New  design  gives 
maximum  contact  insulation  and  extremely  long  leakage  paths. 


BAKELITE  PRODUCTS 

Amphenol  precision-built  bakelite  sockets,  plugs,  and  connec- 
tor  inserts  for  radio  applications  are  the  most  widely  known  and 
most  complete  line  in  the  industry.  A  socket  for  every  tube. 
Both  shielded  and  unshielded  types  are  manufactured  in  a  wide 
variety  of  mounting  assemblies.  Power  plugs  and  sockets.  micro- 
phone  and  other  soecial  connectors,  switches,  and  convenience 
outlets  are  available  over  a  wide  range  of  contact  arrangements. 

ORDER  YOUR  FREE  AMPHENOL  CATALOG  TODAY 


So  many  Amateurs  who  build  their 
own  rigs  use  Par-Metal 

Cabinets,  Chassis 
Racks  and  Panels 


that  there  must  be  a  reason  for  such  outstanding 
preference. 

Par-Metal  parts  are  easy  to  use  for  you  can 
assemble  them  and  interchange  them  almost  at 
will.  That’s  because  they  are  accurately  ma- 
chined.  They  are  modern  in  design,  stream- 
lined,  chromium  trimmed,  equipped  with 
modern  hardware,  handsomely  finished  for 
lasting  beauty. 

You  may  contemplate  a  simple  rig  or  a  com¬ 
plete  transmitter  or  Sound  System  —  whatever 
the  job  you'll  find  that  Par-Metal  Parts  will 
give  the  finished  job  a  professional  and  com¬ 
mercial  appearance  that  wins  admiration. 


KEEP  OUR 
CATALOG  HANDY! 


If  you  do  not  have  your  copy  of  our  catalog  No.  40 
get  one  from  your  jobber  or  write  us  today.  It  lists  the 
complete  Par-Metal  Line  of  Standard  and  De  Luxe 
Models  —  everything  that  you  could  possibly  need 
for  the  job  you  intend  to  build! 


ihere  MUST  Be  a  Reason  for 
PAR-METAL  PREFERENCE! 


PAR-METAL  PRODUCTS  CORP. 

3268  — 49th  STREET  .  LONG  ISLAND  CITY,  NEW  YORK 
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40  METERS 
TYPE  B5 


80-160  METERS 
TYPE  LD2 


rt pf  Hrv^k 

r  blileyX 

FREQUEHCr'  COMTROL 

■ 


STANDARD  FREQUI 
100KC.  CRYSTAL  U 
TYPE  SOCIOO 


40-80-160  METERS 
TYPE  BC3 


10-20  METERS 
TYPE  HF2 


STANDARD  FREQUENCY 
100KC.  CRYSTAL  UNIT 
TYPE  SOC100X 


40-80  METERS 
VARIABLE  FREQUENCY 
TYPE  VF1 


TYPE  SMC1Q0 
CALIBRATOR  CRYSTAL  UNIT 
100KC. — 1000KC. 


BLILEY  VARI-X  VARIABLE  CRYSTAL  OSCILLATOR 
WITH  VF2  CRYSTAL  UNIT 


Frequency  selection  is  easy  with  the  Vaii-X  and  widc 
range  VF2  Variable  Ciystal  Units.  And,  you  can  iorget 
wouies  about  Irequency  stability  (so  dilficult  to  obtain 
with  a  self-excited  oscillator)  because  the  Vaii-X  is  100% 
crystal  controlled.  Circular  D2,  obtainable  Irom  your 
Bliley  Distxibutoi,  gives  complete  information. 


CRYSTALS 


TYPE  B5 

Thoroughiy  engineered  in  every  detail,  this 
compact  unit  represents  the  best  in  a  mounted, 
low-drift,  high-lrequency  quartz  crystal.  Each 
crystal  is  manufactured  under  rigid  standards 
and  has  a  maximum  temperature  coëfficiënt  of 
+  4  cycles,  mc./0C. 

Price — 7.0  to  7.3mc.,  within 

±5kc.  of  specified  kc.*  .  $4.80 

— at  specified  integral  kc.  .  $5.90 

TYPE  BC3 

This  popular,  economically  priced  ciystal  unit 
isfully  reliable  in  every  respect.  The  accurately 
cut  crystal  has  a  high  activity  with  a  frequency 
drift  of  only  23  cycles/mc. /°C.  Heat,  developed 
by  the  crystal,  is  dissipated  by  the  stainless- 
steel  holder  cover-plate  thereby  reducing 
actual  frequency  drift. 

Price — 40  or  80-meter  band, 

within  ±5kc.* . $3.35 

— at  specified  integral  kc.  .  $4.95 

Price — 160  meters,  within  +  10kc.  $3.35 

TYPE  VF1 

Avoid  QRM  by  frequency  selection.  The  fre¬ 
quency  of  the  VF1  Variable  Frequency  Crystal 
Unit  is  continuously  variable  up  to  6kc.  with 
the  80-meter  unit,  or  12kc.  with  the  40-meter 
unit.  When  multiplying,  the  range  is  propor- 
tionately  increased.  The  specially  finished 
crystal  has  a  drift  of  less  than  ±  4  cycles/mc. 1 °C . 
and  an  activity  only  somewhat  less  than  that  of 


high  activity  fixed-frequency  crystals. 

Price — 40-meter  band,  minimum 
frequency  within  +  15kc, 

of  specified . $6.60 

— within  ±  5kc . $8.50 

Price — 80-meter  band,  minimum 

frequency  within  +5kc.  .  $6.60 

Price — at  specified  integral  kc.  .  $8.50 


TYPE  LD2 

The  outstanding  crystal  unit  for  the  80  and 
160-meter  bands.  It  incorporates  a  powerful, 
highly  active  crystal  with  a  frequency  drift  of 
less  than  ±  4  cycles/mc./°C.  Correctly  designed 
and  carefully  manufactured,  this  time-proven 
unit  provides  accurate,  dependable  frequency 
control. 

Price — within  +  5kc.  of  specified  kc.*$4. 80 
Price — at  specified  integral  kc.  .  $5.90 


TYPE  HF2 

Crystal  control  of  2'A,  5,  10,  and  20-meter 
transmitters  is  simplified  by  the  use  of  the  type 
HF2  High  Frequency  Crystal  Unit.  Frequency 
drift  is  4-20  cycles/mc. /°C.  forthe  20-meter  unit 
and  +43  cycles  'mc./°C.  for  the  10-meter  unit. 
Price — 14.0  to  14.4mc.,  within 

+  lSkc.  of  specified  kc.*  .  $5.75 

Price— 14.4  to  15. Ome.,  within 

±  30kc.  of  specified  kc.*  .  $5.75 

Price— 28.0  to  30. Ome.,  ±50kc.  of 
specified  kc.  (recommended 
for  2/+ and  5  meters  only)  .  $5.75 

TYPE  SMC109 

Frequency  checking,  calibrating  receivers 
and  signal  generators,  or  performing  general 
frequency  measurements  is  easy  with  a  lOOkc. 
—  lOOOkc.  frequency  Standard.  A  few  stock 
parts  and  an  SMC100  Dual-Frequency  Crystal 
Unit  is  all  that's  needed  for  construction. 

Price . $7.75 

TYPE  CF1 

The  Bliley  CF1  Crystal  Filter  Unit, 
with  its  high  Q  and  freedom  from 
spurious  responses,  assures  maxi- 
mum  receiver  selectivity  and 
minimum  signal  loss.  _  ’&jj 

Price — 456kc.,  465kc.  or 

500kc.  I-F.  $5.50  Y  ^ 

Price — 1600kc.  I-F.  $9.50  V  * 

[  TYPE  SOCIOO 

This  precision-manufactured,  knife-edge 
mounted,  lOOkc.  bar  is  designed  for  use  in 
primary  or  secondary  standards  of  frequency 
where  high  stability  and  accuracy  is  essentia). 
The  crystal  has  a  maximum  temperature  coëffi¬ 
ciënt  of  ±3  cycles/mc. /°C. 

Price — calibrated  at  room  temp.  .  $15.50 
Price — at  specified  oven  temp.  .  $21.00 

TYPE  SOCIOOX 

A  knife-edge  mounted  lOOkc.  X-cut  bar  for 
applications  not  requiring  the  high  accuracy 
and  stability  of  the  SOCIOO  Unit.  Temperature 
coëfficiënt  is  ( — )  10  cycles/mc. /°C. 

Price — calibrated  at  room  temp.  .  $9.50 

Price — at  specified  oven  temp.  .  $15.00 


Engineering  Bulletin  E-6,  FREQUENCY 
CONTROL  WITH  QUARTZ  CRYSTALS,  is 
a  handbook  on  crystal  control.  Price,  1  Off 
(Canada  and  foreign,  15$.  Descriptive 
catalogs  of  Bliley  Ciystal  Units  aie  avail* 
able  at  no  charge. 


Quartz  crystals  for  frequency  control 
and  special  applications  are  manufactured 
for  all  frequencies  from  20kc.  to  30mc. 
Bliley  Broadcast  Frequency  Crystals 
aie  approved  by  the  F.  C.  C.  Ask.  fot 
Catalog  G-12. 


All  prices  shown  are  net  in  U.  S.  A. 
*Or  choice  from  dealer's  stock 
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LEARN  CODE 


will  use  it — 


BY  HEARINQ  IT 


G.  L.  AUTOMATIC  SENDERS  will— 
Teach  You  Code — Speed-up  Your  Receiving — 
Send  Your  Messages 


Type  S  —  $17.50 

Sends  from  4  to  60  words  per  minute.  Higher 
speeds  if  desired.  Slow  enough  for  the  beginner. 
Fast  enough  to  speed-up  the  professional  or 
the  “Ham.”  Multiple  brush  type  contacts  — 
positive  at  all  speeds  —  no  misses.  Silcnt  induc- 
tion  type  motor.  Motors  other  than  Standard 
voltage  and  frequency  available  at  slight  ad- 
dittonal  cost.  Only  534”  x  434”  x  6”.  Weighs 
only  4  lbs.  Aluminum  case,  black  instrument 
finished.  All  exposed  parts  cadmium  plated. 
Complete  with  10  rolls  of  double-perforated 
lcsson  tape  of  carefully  arrangcd  and  selected 
material  for  speediest  results. 


Type  J  —  $12.50 

Doublé  purpose  instrument  —  code 
teacher  and  automatte  sendcr.  Sends 
from  6  to  60  words  fier  minute.  Multiple 
brush  type  contacts  —  positive  at  all 
speeds.  Silcnt  induction  type  motor. 
Motors  other  than  Standard  voltage  and 
frequency  available  at  slight  additional 
cost.  Built-in  tape  perforator.  Cut  your 
own  code  practice  and  reception  speed- 
up  tapes.  Cut  your  own  message  tapes 
for  calling  stations  or  repeating  mes¬ 
sages.  Repeats  calls  or  messages  in- 
definitely.  Length  of  message  practically 
unlimited.  Complete  with  ready  cut 
practice  tape  and  5  rolls  of  blank  tape. 


High-Speed  Relay 

Moisture-proof.  Extremely  quiet. 
Pin-type  base.  Will  follow  accu- 
rately  at  faster  than  7000  per  min¬ 
ute.  Available  in  6.  25,  50,  100  and 
150  volts,  D,  C. 

Information  and  prices  on  request 


Tape  Perforator 

For  making  your  own  practice 
tapes.  Uniform  sparing  and  charac- 
ters.  Cut  your  own  material  for 
speeding-up  reception. 

I nformalion  and  prices  on  request 


Tape  Pillier 

For  almost  every  purpose  where 
pulled  tape  is  used .  A  va  ila  ble  in  prac- 
tically  any  and  every  speed  range. 
For  tapes  from  W  to  1  yi".  Write 
usaboutyour  tapepullingproblems. 
Information  and  prices  on  request 


1/  your  dealer  cannot  supply  you,  write  us 


GARDINER-LEVER1NG  CO. 

Box  83,  Haddon  Heights  New  Jersey,  U.  S.  A. 


401  N.  BROAD  ST.,  p  H  I  L  A  D  E  L  P  H  !  A  ,  PA 
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INTERNATIONAL  KESISTANCE  CO 


"  HQ-1 20-X  " 
AMATEUR 
RECEIVER 


THE  HAMMARLUND  “HQ-1 20-X"  meets 
I  (ha  most  critical  demandi  of  amateur  and  pro¬ 
fessional  operators.  Hammarlund  engfneers 
have  9ona  beyond  ordinary  practica  In  design- 
ing  thls  new  and  outstanding  recelver.  This  ultra¬ 
modern  1 2 -tube  superheterodyne  covers  a 
continuous  range  of  from  31  to  .54  mc.  (9.7  to 
555  meters)  in  sin  bands,  talrlng  in  all  important 
amateur,  communication,  and  broadcast  ehan- 
nels.  The  "HO-1 20-X"  is  not  to  be  confused 
wr'th  modifled  broadcast  sets.  Two  years  were 
required  to  develop  it.  This  is  a  special  receiver 
with  special  perts  throughout.  Every  wave  range 
is  individual  —  that  is,  each  range  has  lts  own 
individual  coil  and  a  tuning  condensor  of  proper 
value  for  maximum  efficiency;  thus,  including 
the  broadcast  band  does  not  decrease  efficiency 
at  high  frequencies.  Besides  having  all  the  neces- 
sary  features  for  perfect  short  wave  reception, 
sueh  as  A.V.C.,  beat  oscillator,  send-receive 
switch,  phone  jack  and  relay  terminals,  the 
"HQ-1 20-X"  also  includes  a  new  and  out¬ 
standing  crystal  filter  circuit  which  is  variable  in 
6  steps  from  full  band-width  to  raxor  edge 
selectivity.  This  permits  the  use  of  the  crystal 


filter  for  the  reception  of  both  voice  and  music.  II  is  no  longer  necessary  to  contend  with 
serious  heterodyne  interference.  These  annoying  disturbances  een  be  phased  out  with  the 
phasing  contrei  on  the  panel.  Ofher  features  include  drift  compensation  for  Improved  stabll- 
ity;  a  new  and  accurate  "S”  meter  circuit  for  meaiuring  incomlng  signal  strength;  antenna 
compensator  to  compensate  for  various  antennas,  and  310  degrees  band  spread  for  each 
amateur  band  from  80  to  10  meters.  The  band  spread  dial  is  calibrated  in  megacycles  for 
each  of  these  amateur  bands.  The  main  tuning  diat  Is  calibrated  in  megacycles  throughout 
the  entire  range  of  the  receiver.  Rack  adapter  16.00  extra. 

Prices  Include  Speaker  and  Tubes 


Special  model  finished  in  gray . SI  41 .00  Net 

Speaker  Cabinet,  gray  to  match .  4.50  Net 


Send  for  Descriptive  Booklet! 


Cod» 

Type 

Tuning  Range 

Speaker 

Net  Priee 

HQ-1 20-X 

Crystal 

31  —  .54  me. 

10”  P.M.  Dyn. 

SI  38.00 

Speaker  cabinet  (metal)  1 2  Va"  x  12%"  x  7  inches 

3.90 

Code 

Type 

Spkr. 

Tuning  Range 

Net  Price 

SP-210-X 

Crystal 

10" 

15  —  560  meters 

S279.00 

SP-210-SX 

Crystal 

10" 

Vfy  —  240  meters 

279.00 

SP-220-X 

Crystal 

12" 

15  —  560  meters 

294.00 

SP-220-SX 

Crystal 

12" 

7Vs  —  240  meters 

294.00 

PSC 

1 0"  speaker  eablnet  to  match  receiver 

5.10 

Special  Models  Covering  Other  Wave  Ranges  Available  On  Order 


NEW 

"  SUPER-PRO” 

THIS  new  18-tube  "SUPER-PRO"  includes 
all  the  outstanding  features  which  have  made 
the  “Super-Pro"  famous,  and  in  addition  raany 
recent  developments  have  been  added.  The  new 
"Super-Pro"  has  a  varieble  selectivity  crystal 
filter.  This  crystal  filter  has  Rve  posftions  of  sefec- 
tivity  —  3  for  phone  and  2  for  CW.  The  variable 
crystal  filter,  in  addition  to  the  variable  band 
width  I.F.,  provides  a  selectivity  range  of  Irom 
Iets  than  100  cycles  to  approximately  16  ke. 
The  new  ''Super-Pro"  also  has  an  improved 
noiae  limlter  designed  to  minimixe  interference 
ceuted  by  automobile  Ignition  Systems  and  dis¬ 
turbances  of  similar  nature.  Maximum  image 
suppreaion  is  obtained  with  two  stages  of  high 
selectivity  tuned  R.F.  ahead  of  the  fitst  detector. 
Three  stages  of  I.F.  are  employed  and  there  are 
three  stages  of  high  fidellty  audio  ampllfication 
resulting  in  an  output  of  approximateiy  1 4  watts. 
A  new  and  improved  “S"  meter  has  been  in- 
stalled  in  the  ''Super-Pro”  for  aceurately  report* 
ing  relatlve  tignal  strength.  Other  features  in¬ 
clude  full  bend-tpreed  on  all  bands;  beet 
oscillator;  send-receive  switch;  relay  connec- 
tions;  pnone  connections;  connections  lor 
phono-pickup;  beautifully  finished  modernistic 
cabinet.  The  sensitivity  of  the  "Super-Pro"  Is 
better  than  1  microvolt.  Available  in  reek 
mounting  type  at  $1 0.50  extra. 

Write  for  Circular! 


HAMMARLUND  MANUFACTURING  CO.(  INC.,  424-438  West  33rd  Street,  New  York  City 


•TC’  TRANSMITTING  CONDENSER 

An  entirely  new  moderately 
priced,  heavy  duty  trans- 
mitting  condenser,  featur- 
ing  heavy  aluminum  end 
plate,  Isolantite  Insulation, 
non-inductive,  self-cleaning 
sllver  plated  beryllium  eon- 
(ects,  full  floatlng  lotoi 
bearing,  non-magnetic  lotoi 
-  a»  essembly,  polished  heavy 

aluminum  platei  eccurately 
spaced.  All,  except  type  "L,”  have  tound  edge  platei  of  .040" 
thickness.  Type  "L”  hos  .0S5"  platei  with  plaln  edges.  Type  “F” 
bas  .830",  7500  V.  air  gap.  Type  "G,"  .800",  6750  V.  Type  "H  " 
.171",  6000  V.  Type  "J,"  .100",  4850  V.  Type  "K,”  .084", 
3750  V.  Type  "L,”  .070",  8000  V.  air  sap. 

Available  in  a  wide  varlety  of  eapacitiei  and  worklng  voltages, 
these  eondenten  are  Ideal  lor  modem  up-to-date  tranimittan  with 
power  outputs  ronging  irom  800  watts  to  1  kw. 


"MTC"  TRANSMITTING  CONDENSERS 


Type 

Capacity 

Overall 

Length 

List 

TC-220-L 

820  mmf. 

4%. . 

TC-440-L 

465  mmf. 

5% . 

.  7.79 

TC-90-K 

95  mmf. 

1% . 

.  4.50 

TC-165-K 

167  mmf. 

4'A . 

TC-820-K 

222  mmf. 

45/9 . 

TC-330-K 

335  mmf. 

6% . 

TC-240-J 

850  mmf. 

b\k . 

TC-85-H 

23.5  mmf. 

i% . 

.  3.50 

TC-50-H 

53  mmf. 

4>S . 

TC-110-H 

1 1 5  mmf. 

6</ï . 

TC-40-G 

46  mmf. 

4« . 

.  7.00 

TC-65-G 

75  mmf. 

5% . 

.  8.80 

TC-100-G 

110  mmf. 

7J4 . 

TC-150-G 

165  mmf. 

10% . 

TC-55-F 

60  mmf. 

5% . 

•TCD"  SPLIT  STATOR  TYPES 

Thete  iplit-itator  trans- 
mittins  condensors  are 
identieal  to  the  linslei 
ihown  above,  except  that 
the  stator  lectloni  are 
indlvldual.  Ideal  lor  push- 
pull  power  amplillen  rang- 
ins  in  power  up  to  1  kw. 
They  are  of  convenient  sixe  and  land  themsefvei  to  construction  of 
compact  apparatus.  Overall  dimensiont  In  back  of  panel  are  given  in 
the  accompanyins  table.  The  capacity  values  listed  are  for  each  sec- 
tion,  The  last  letter  In  the  code  represents  plate  spaclns  and  voltage 

i  above.  ~ 


rating.  These  are  identieal  to  those  given  < 


,  Type  "M"  —  plain 


platei,  .030" 

Type 

air  sap. 

Capacity 

Overall 

Length 

List 

TCD-500-M 

490  mmf. 

4)6 . 

. ï  6.50 

TCD-80-L 

90  mmf. 

4%. . 

.  5.50 

TCD-21 0-L 

215  mmf. 

.  8.25 

TCD-90-K 

95  mmf. 

.  7.50 

TCD-165-K 

167  mmf. 

6'/j . 

. .  11.00 

TCD-325-K 

335  mmf. 

11^ . 

TCD-240-J 

250  mmf. 

11  >6 . 

.  19.00 

TCD-50-H 

53  mmf. 

6% . . . 

uk . 

.  9.80 

TCD-110-H 

115  mmf. 

.  16.00 

TCD-40-G 

46  mmf. 

7  Vs . 

TCD-75-G 

85  mmf. 

11^ . 

.  14.50 

TCD-55-F 

60  mmf. 

11 %, . 

.  13.50 

m 


Code 

Capacity 

MTC-20-B 

82  mmf. 

MTC-35-B 

33  mmf. 

MTC-50-B 

50  mmf. 

MTC-IOO-B 

100  mmf. 

MTC-1S0-B 

150  mmf. 

MTC-50-C 

46  mmf. 

MTC-1 00-C 

105  mmf. 

MTC-150-C 

150  mmf. 

MTC-250-C 

255  mmf. 

MTC-350-C 

360  mmf. 

Compact  typei,  Uolantlte 
insulation.  Base  or  panel 
mountlns.  Polished  alumi¬ 
num  platei.  Stainleu  iteel 
shaft.  Slxe  of  1 5Ó  mmf,  with 
.070"  plate  spacing  only 
Vj"  behind  panel.  All 
type  "B”  condensen  have 
round  edge  platei  .085"  in 
thickness.  Type  "C"  hai 
plaln  edge  platei  .035" 
thlck.  Self-cleaning  wiping 
contact. 

List 

82  mmf . 13.85 

33  mmf .  3.50 

50  mmf .  3.90 

100  mmf .  5.00 

150  mmf .  6.10 

46  mmf .  2.80 

105  mmf .  3.05 

150  mmf .  3.20 

255  mmf .  3.60 

360  mmf .  4.00 


!  .Kvi 


if- 


"MTCD"  SPLIT- 
STATOR  TYPES 

Seme  outstanding  feeturei 
ai  MTC  linglai  except  that 
stator  sections  are  leparate. 
Model  100-B  with  .070" 
plate  ipacing,  only  5 %" 
behind  panel.  “8“  models 
—  rounded  platei  "C“  mod¬ 
els  —  plain  plate  edges. 


Code 

Capacity 

List 

MTCD-20-B 

22  mmf.  per  sect . 

MTCD-35-B 

33  mmf.  per  sect . 

MTCD- 50-0 

50  mmf.  per  sect . 

MTCD-100-B 

1 00  mmf,  per  sect . 

. 8.75 

MTCD-50-C 

46  mmf.  per  sect . 

.  4.50 

MTCD-100-C 

105  mmf.  per  sect . 

.  5.00 

MTCD-1 50-C 

150  mmf.  per  sect . 

MTCD-250-C 

255  mmf.  per  sect . 

NEUTRALIZING  CONDENSERS 


Improved  neutralliing  condensen  with 
heavy  polished  aluminum  platei. 
Rounded  edges.  Isolantite.  Fine  ediust- 
ing  screw.  Positive  lock.  Horliontal 
adjustment.  Type  "N-lO",  25/s"  high  x 
1-3/16"  deep.  "N-15"  4-15/16"  high 
x  3’/g"  deep.  "N-20",  5-11/16"  high  x 
4"  deep. 

Code  List 

N-10  — (2.1  — 10  mmf.) . 13.00 

N-15  — <3.2  — 14  mmf.) .  6.00 

N-20  — (3.8  — 14  mmf.) .  6.50 


A  NEW  LINE  OF  TRANSMITTING 

AND 

RECEIVING 
CONDENSERS 

The  new  HFA  and  HFB  re- 
ceivlng  and  transmlttlng 
condensen  are  the  latest  in 
condenser  design.  The  HFB 
transmlttlng  condenser,  for 
exemple,  hes  fully  insulated 
rotor  and  control  shift  per- 
mitting  higher  operating  volt¬ 
age  fora  given  plate  spacing, 
Tnls  new  design  results  in 
more  compact  and  efficiënt 
condenser  construction  and 
the  insulated  control  shaft 
reduces  the  danger  of  alac- 
tric  shock  to  the  operator.  The 
HFB'sare  made  In  both  duel 
,  and  single  stator  types  and 

SSnè/  in  all  important  capaclties. 

™(  The  HFA  receiving  con- 

~  denier  Is  a  sturdier  midget 

condenser  intended  for  usn 
in  portable  and  aviation 
int  where  conditioni 
of  operetlons  demand  a 
better  and  more  solld  condenser.  These,  too,  are  available  in  a  wide 

wlity  of  ilu  with  both  tingU  tnd  dut)  statos,  All  typ*t,  both  HFA 

and  HFB  are  of  100%  soldeted  construction  with  brass  platei, 
cadmium  plated.  Isolantite  end  platei. 

Send  for  Latest  Catalogi 


HAMMARLUND  MANUFACTURING  CO.,  INC.,  4S4-43S  West  33rd  Street,  New  York  City 


IV 


Ultra-high-frequency  triodes 

U-H-F  oscilUtor,  R.F.  amplifler  and  ddacloi  beving  «xtremdy 

low  sapicitincM  and  ihort  laadt  reiulling  in  «Hiciant  opwation 

up  lo  300  megacycla,  <1  matei). 

HY615  $2.00  net 

Heater . 63  volts  @  0.15  ampere 

Plate . 300  max.  volts  &  20  max.  ma. 

Plat©  dissipation . 3.5  max.  watts 

R.F.  power  output  @  240  mc. 

4.0  approx.  watts 

HY114  $2.00  net 

Low-drain  filament- type  triode  for  portable 
and  mobile  uses  powered  from  batteries. 

Filament . 1.4  volts  @  0.12  ampere 

Plat® . 180  max.  volts  Sr  15  max.  ma. 


*# 

T|0! 


Mudlum-powar  Ilioda  wllh  cylindrlcal  graphitu 
!?  .  Wamant.  vartical-bai  tantalum  grid. 

Piovidai  unulually-high  power  output  with  mini¬ 
mum  input. 

HY75  $3.75  net 

Filament . 6.3  volts  @  2.5  amperes 

Pl*te . 450  max.  volts  &  100  max.  ma. 

Plate  dissipation . 15  max.  watts 

Output  Modulated  Unmodulated 

224  Mc . 14 . 17 . watts 

112  Mc . 19 . 24 . watts 

56  Mc . 24 . 33 . watts 


Graphite-anode  triodes 

Hlah-efBciency  SPEER  giaphite-anoda  triodei  fat  R.F.  Clau  B 
and  C  ampllfier,  buffel,  doublar,  oscillator,  Clan  B  modulatoi. 

JL  HY51 A-HY51B  $4.50  net 

HY51 A  Filament . 7.5  volts  @  3.5  amperes 

/  Ij^M  \  HY51B  filament . 10  volts  @  2.25  amperes 

i  IM  Plate . 1000  max.  volts  &  175  max.  ma. 

Plate  dissipation . . .  .65  max.  watts 

Class  C  output  at  75%  efficiency . 131  watts 

HY51Z  $4.50  net 

Zero-bias  version  of  HY51 A  for  ell  applicetions 

Filament . .7.5  volts  @  3.5  amperes 

Class  C  output  @75%  efficiency . 131  watts 


HY40  $3.50  net 

Filament . 7.5  volts  @  2.25  amperes 

Plate . - .  .  .1000  max,  volts  8c  115  max.  ma. 

Plate  dissipation . 40  max.  watts 

Class  C  output  at  75%  efficiency . 86  watts 

HY40Z  $3.50  net 

Zero-bfas  hfgh-mu  triode  similar  to  HY40  In 
ratings  —  particufarfy  desirable  as  modufator. 

Filament . 7,5  volts  @  2.5  amperes 

Class  C  output  @75%  efficiency . 86  watts 


HY30Z  $2.50  net 

A  reel  25-watt  transmiHfng  tube  with  over-sixe 
graphite-anode  and  lava  insulators  —  deflnitely 
noten  overgrown  receiving  tube. 

Filament . 6.3  volts  @  2-25  amps. 

Plate . 850  max.  volts  &  90  max.  ma. 

Plate  dissipation.  .30  max.  watts 
Class  C  output  at  75%  efficiency 
58  watts 


Hytron  transmitting  tubes  ore  fully  licensed 
for  protection  of  the  buyer  or  user. 


HYTRONIC 


UAL 


R.F.  beam-power  tètrodes 

R.F.  power  ampliflet,  buffer,  frequency  multiplier,  oscillator, 

Clnt  ABï  modulator  of  axcaptionally  high  power  lensitivily. 

Fully  shielded  (or  R.F.  —  no  neutralixins  required. 

HY61/807  $3.50  net 

Heater . 6.3  volts  @  0.9  ampere 

Plate . 600  max.  volts  ft  100  max.  ma. 

Plate  dissipation, . 25  max.  watts 

R.F.  power  output . 37.5  approx.  watts 

HY60  $2.50  net 

Low-power  version  of  HY61  with  reduced  power 
drain  —  Ideel  for  mobile  uses. 

Heater . 6.3  volts  @  0.5  ampere 

Plate . 425  max.  volts  &  60  max,  ma. 


Instant-heating  tetrode 

Imtantanaoui-heating  filament  type  R.F.  and  audio 
tetrode  for  mobile  and  portable  xmiUar, —  no 
battery  drnin  durlns  stand-by.  Shielded  lor  R.F. 
Full  plate  input  (or  phone  and  doublar  operation. 
Also  operatei  efflciently  on  AC. 

HY69  $3.50  net 

Filament . 6-3  volts  @1-5  amperes 

Plate . 600  max.  volts  ft  100  max.  ma. 

Plate  dissipation . 40  max.  watts 

Nominal  Class  C  output . 42  approx.  watts 


Mercury-vapor  rectifiers 

Half-wave  mercury-vapor  rectlfler  with  intemal  shleld  to  pre¬ 
vent  bomberdment  of  elementi, 

866  $1.50  net 

Filament . .  .2.5  volts  @  5  amperes 

AC  plate  voltage . 2650  max.  volts 

Two  Hytron  866's  will  deliver  up  to  2385  volts 
DC  at  currents  up  to  500  milliamperes. 

Junior  recttfler  for  light-duty  applicetions  with 
plate  connection  to  top  cap. 

866  Jr.  $1.05  net 

Heater . 2,5  volts  @  3.0  amperes 

AC  plate  voltage . 1250  max.  volts 

DC  plate  current.  .  .  .250  max.  ma.  for  two  tubes 


& 


Twin  triode 

Inttant-heatins  thorlated-tungiten  xaro-biai  twin- 
trioda  lor  ure  at  modulator  in  mobile  transmitten 
—  daiigned  at  a  companion  to  the  HY69. 

HY31Z  $3.50  net 

Filament.  . . 6.3  volts  @  2.5  amperes 

Plate . 500  max.  volts  8c  1 50  max.  ma. 

Plate  dissipation . 30  max.  watts 

Audio  power  output . 50  watts 

Above  ratings  are  for  both  sections  of  tube. 


Ceramic-base  Bantams  and  6L6GX 

6A8GTX  converter .  . $  .95  net 

6J5GTX  med.  mu  triode . $  ,95  nel 

6J7GTX  r.f.  pentode . $  .95  nel 

6K7GTX  r.f.  pentode . S  .95  net 

6K8GTX  converter.  .....  . $1,30  net 

65A7GTX  converter . $1 .05  net 

6SJ7GTX  r.f.  pentode . $1.05  net 

6SK7GTX . $1,05  net 

6L6GX . $1.25  net 

Specially-selected  tubes 
with  low-loss  ceramic  base 
for  use  in  high-frequency 
circuits.  Interchangeable 
with  metal  and  G  types. 


LABORATORIES 

72  Lafayette  St.,  Salem,  Mass 


A  Dl  VISION  OF  THE  HYTRON  CORP 
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COMMUNICATION 
REC  EI  VER 


THE  RECEIVER  BUY 
OF  THE  SEASON! 


Double-Purpose 

Value 

During  off  periods  of  “QSO- 
ing",  when  you  are  busy  ex- 
perimenting  or  just  relaxing, 
you  will  want  some  good  enter¬ 
tainment  programs.  To  meet 
this  extra  requirement,  we  offer 
a  new  Extended  Range  Loud¬ 
speaker  MI-8314-A  for  the 
AR-77.  A  combination  hard  to 
beat  for  faithful  reproduction 
of  all  modulated  signals.  Di- 
mensions  of  the  MI-8314-A 
Speaker  are:  28"  high,  18%" 
wide,  13"  deeij. 

Amateurs’  Ne/  Price  for  botb 
AR-77  Receiver  and  MI-8H4-A 
Speaker  Si 74. 50 


"STAY-PUT”  TUNING 

Tests  under  average  conditions 
show  maximum  drift  at  30  Mc  to 
be  only  3.0  Kc  on  one  hour  run, 
thereby  keeping  signal  audible. 
ADJUSTABLE  NOISE  LIMITER 

Can  easily  be  regulated  to  meet 
local  conditions.  Easily  under- 
stood  signals  obtained  through 
noise  peaks  hundreds  of  times 
higher  than  signal  level. 

"BREAK- IN"  OPERATION 

Used  on  a  separate  antenna,  re¬ 
ceiver  recovers  instantly  when 
transmitter  key  is  up.  Ideal  for 
“traffic  hounds”  to  move  a  hook  full 
of  messages  promptly.  (Receiving 
antenna,  should  resonate  in  higher  frequency 
hand  than  transmitter  Jrequency  to  prevent 
excessive  voltage  pick-up  fnm  transmitter.) 

HIGHEST  SIGNAL-TO- NOISE  RATIO 

A  2-to-l  ratio  of  signal-to-noise 
is  obtained  at  an  average  sensitivity 
of  2  microvolts  throughout  range. 


UNIFORM  SENSITIVITY 

Each  r-f  circuit  has  dual  alignment 
with  air-dielectric  trimmers  for 
high-frequency  end  and  inductance 
adjustment  of  coils  for  low  end. 
BANDSPREAD  TUNING 

Calibrated  bandspread  for  10, 
20,  40,  and  80-meter  bands  extends 
to  nearly  full  rotation  of  dial  for 
“split-kilocycle”  readings.  Carrier 
level  meter  serves  for  both  peak  tun- 
ing  and  to  measure  signal  strength 
in  popular  “S”  scale. 

6- STEP  SELECTIVITY 
Wide  choice  of  selectivity  assures 
operator  control  of  signal  inter- 
ference. 

IMPROVED  IMAGE  REJECTION 

Image  ratio  of  approximately 
40-1  at  30  Mc  is  obtainable. 
NEGATIVE  FEEDBACK 

Smooths  out  and  extends  the 
audio  response  curve. 


Give  ft  a  Whirl!  Other  AR-77  features  include  Uniview 
dials;  accurate  signal  reset;  standby  switch  with  relay  terminals; 
temperature  and  voltage  compensated  oscillator;  high-gain  pre 
selector  stage  and  a  popular  tuning  range  of  540  to  31.000  Kc. 
Write  for  Bulletin.  Amateurs’  Net  Price  SI 59.50.  MI-8303  Table  Speaker 
in  matched  cabine t  $ 8.00  extra.  AU prices  /.  e.  b.  factory. 


trom  imtrephon* 
N»  orttonno 


RCA  Tubes  have  always  been  noted  for  their  big, 
extra  measure  of  dependability.  For  years,  however, 
amateurs  have  toid  us  that  RCA  Ratings  based  on  the 
most  exacting  commercial  use  were  too  conservative 
for  intermittent  amateur  use.  So  now,  two  sets  of  rat¬ 
ings  are  given  for  popular  amateur  tube  types — the 
old  CCS  (Continuous  Commercial  Service)  and  the 
new  ICAS  (Intermittent  Commercial  and  Amateur 
Service)  Ratings.  You  take  your  choice,  based  on  your 
own  individual  requirements.  You  eliminate  guess- 
work,  and,  as  an  amateur,  you  get 
higher  power  output  at  lower  cost 
plus  long  tube  life,  plus  the  utmost 
in  economy  of  weight  and  space. 


No. 

3AP4/900P4 
5AP4/1605P4 
5BP4/1 80SP4 
1*47 


TÏLEVISION  TUBES 

Deicription 
3"  Kinetcope 
5*  Kinescope  (Short  Bulb) 
y  Klnescope 
Amateur  Iconotcope 


CATHODE-RAY  TUBES 

No.  Sereen 

3AP1/906P1  3"  Grom  Phosphoi 

90!  8"  Groen  Phoiphor 

913  1*  Groen  Phosphor 

UHF  ACORN  TUBES 

Deseription 

Penlode  Amplifier,  Detector 
Triode  Detector,  Oscillator 
Pentode,  Super-Control  Amp. 

Tri  ode.  1.85-v,,  0.05-a.  filament 
Triode,  1,33-».,  0.1 -o.  filament 
Penlode,  1  ,35-y.,  0.05-a.  filament 


Amoleur 
Ne  t  Prlee 
SI  3.75 
83.00 
83.00 
84.50 


Amoteor 
Net  Prlee 
SI  3.50 
7.50 
4.00 


PRACTICAL  HELP  .  .  .  FREE! 


Do  you  get  your  free  copy  of  RCA  Ham  Tips,  the 
belpful  little  public ation  for  amateurs,  by  amateurs? 
lf  not,  see  your  RCA  Transmitting  Tube  Distributor. 


New  fields  to  conquer— interesting  new  experi- 
ments  to  be  tried  —  new  thrills  of  achievement! 
That  is  the  story  of  Amateur  Television,  the  most 
fascinating  development  in  amateur  radio  today! 

An  experimental  amateur  outfit  produced  under 
supervision  of  the  same  RCA  engineers  who  have 
led  the  way  in  Television  proves  the  practica- 
bility  of  good  quality  Amateur  Television  com- 
munication  with  simplified,  economical  apparatus 
that  many  a  ham  can  build  for  himself.  Even  skep- 
tics  are  frankly  amazed  at  the  faithful  reproduc- 
tion  and  stability  of  the  pictures  and  with  the 
simplicity  of  the  complete  equipment. 

Based  on  a  series  of  articles  published  in  QST,  this 
equipment  utilizing  the  RCA  1847  “Mini-Ike”  Icono- 
scope  is  described  in  detail  in  a  booklet— free  on  request 
— or  which  may  be  obtained  from  your  RCA  Amateur 
Equipment  Distributor.  It  tells  you  what  to  build  and 
how  to  build  it.  And  you’11  be  surprised  to  learn  how 
much  of  your  present  equipment  can  be  used  —  how  little 
there  is  to  buy. 


Just  the  booklet  you’ve  been  waiting  for!  New  cir¬ 
cuits,  new  outfits,  new  dia  grams  for  beginners  as  well 
as  advanced  amateurs.  PLUS  easy-to-use  information  on 
the  complete  line-up  of  RCA  Transmitting  Tubes  for 
amateur  needs.  48  pages.  Amateur  net  15c 


RCA-1847 


The 

Booklet 
no  Amateur 
wtfJ  want  to 
rmiss 


AMATEUR  ICONOSCOPE 

"Mini-Ike”  is  the  little  brother  of  the 
big  studio-type  Iconoscopes.  It  is  ca- 
pable  of  producing  clear  pictures  suit- 
able  for  transmission  in  the  2V2-  or  lVi* 
meter  bands,  operates  at  relatively  low 
voltage,  employs  inexpensive  deflection 
circuits,  and  can  utilize  low-cost,  short- 
focal-Iength  lenses.  Amateur  net  $24.50 


RCA 

Ham 

Guide 


(Intonal  Co*ducti*« 
Coahnq  Connectrd 
Te  Anode  NT  2 
WitHifl  Tube ) 


HANDBOOK 


Stnd  for  Fret  Dummy  Antenne  Bulletin  111 A 

Patente  Pending 


i?u/k  wak  OHMIT 


DUMMY  ANTENNA  RESISTOR 

To  Check  R.F.  Po  wer  anc/  Tune  Up 

Check  your  R.F.  Power  and 
tune  up  to  peak  efficiency  — 
determine  transmission  line 
losses — check  line  to  antenna 
impedance  match  —  all 
through  the  use  of  this  new 
Ohmite  Dummy  Antenna. 
Non-inductive,  non-capaci- 
tive,  constant  in  resistance. 
Mounts  in  Standard  tube 
socket. 

Model  D-100,  100  watts,  in 
popular  73  ohm  and  600  ohm 
resistance  values.  Also  in  13, 
18,  34,  64,  100,  146,  219,  300, 
400,  500  ohm  values. 

List  Price  . *5.50 

Model  D-2S0,  250  watts,  in  73  ohm  and  600  ohm 
values.  List  Price .  *11 


PARASITIC  SUPPRESSOR 


Ohmite  P-300  Para- 
sitic  Suppressor — con- 
venienc.  compact,  effi¬ 
ciënt  .  .  .  designed  to 
prevent  ultra-high-fre- 
quency  parasitic  oscil- 
lations  which  occur  in 
the  plate  and  grid  leads 
of  push-pull  and  parallel  tube  circuits.  Non- 
inductive,  vitreous-enameled  resistor  combined 
with  a  choke  into  one  small  integral  unit.  Only 
l‘/i”  long  overall  and  5/«"  diameter. 

List  Price . $1.50 


CENTER-TAPPED 

RESISTORS 

Especially  designed  for  use  a- 
cross  tube  filaments  to  provide 
an  electrical  center  for  the 
grid  and  plate  returns.  Center 
tap  accurate  to  plus  or  minus 
1%.  Available  in  Wirewatt 
(1  watt)  and  Brown  Devil 
<10  watt)  units,  in  resistances 
from  10  to  200  ohms. 


POPULAR  BROWN  DEVILS 

There’s  good  reason  for  the  world-wide  popu- 
larity  of  Ohmite  “Brown  Dev  il  ”  Resistor s.  They’re 
tough,  extra-sturdy  units  —  built  right,  sealed 
tight  and  permanently  protected  by  Ohmite 
Vitreous  Enamel.  10  and  20  watt  sizes,  in  resist- 
ances  from  1  to  100,000  ohms. 


R.  F.  PLATE  CHOKES 

High  frequency  solenoid  chokes  designed  to  a- 
void  either  fundamental  or  harmonie  resonance 
in  the  amateur  bands.  Single-layer  wound  on 
low  power  factor  steatite  cores  with  non- 
magnetic  mounting  brackets.  Moisture- 
proof.  Built  to  carry  A  THOUSAND 
MA.  4  stock  sizes  for  5  to  160  meter 
bands. 


R.  F.  POWER  LINE  CHOKES 

Just  the  thing  to  keep  R.  F.  currents  from  going 
out  over  the  power  line,  lessen  interference  with 
BCL  receivers.  Also  to  prevent  high  frequency 
and  R.  F.  interference  from  coming  in  to  the  re- 
ceiver.  3  stock  sizes,  rated  at  5,  10,  and  20  am¬ 
pères.  Consists  of  two  chokes  wound  on  a  single 
core.  Details  in  Bulletin  105. 


SE  ND  FOR  YOUR  FREE  COPY  OF  NEW  CATALOG  18 


HANDBOOK 


Vitreous  -  Enameled  RHEOSTATS 


These  arelhe  rheo- 
stats  used  by  ama¬ 
teurs  and  broadcast 
stations  alike  to 
keep  power  tube 
lilaments  at  rated 
value  allthetime — 
increase  tube  life 
— gel  peak  efficien¬ 
cy.  Time-proved 
Ohmite  all-porce- 
lain  vitreous-enam- 
eled  construction 
and  metal-graphite 
contact  assure  per- 
manently  smooth,  safe,  exact  control.  Available 
in  25,  50,  75,  100.  150,  225,  300,  500,  and  1,000 
watt  sizes,  for  all  tubes  and  transmitters.  (Under 
writers’  Laboratories  Listed). 


FIXED  RESISTORS 

These  are  the  same  dependable  Ohmite  vitreous- 
enameled  resistors  that  are  almost  universally 
used  by  eminent  designers  and  manufacturers  of 
amateur  and  commercial  transmitters  and  re- 
ceivers.  Available  in  25,  50,  100,  160,  and  200 
watt  stock  sizes,  in  resisfances  from  5  to  250,000 
ohms. 


ADJUSTABLE  DIVIDOHMS 

Mighty  handy  resistors  to  have  around  when  you 
need  a  cbange  of  resistor  value  or  a  replacement 
in  a  hurry.  You  can  quickly  adjust  the  Dividohms 
to  the  exact  resistance  you  want  and  put  on  one 
or  more  taps  wherever  needed.  Patented  per¬ 
centage  of  resistance  scale.  7  ratings  from  10  to 
200  watts.  Resistances  up  to  100,000  ohms. 


OHMITE  BAND-SWITCH 

A  flick-of-the-wrist  on 
the  knob  of  this  popular 
Ohmite  Sand-Change- 
Switch  gives  you  instant, 
easy  change  from  One 
frequency  to  another, 
with  really  low-loss  effi¬ 
ciency.  Band  changing 
may  be  provided  in  all 
stages  of  the  transmitter, 
and  “ganged”  for  com¬ 
plete  front-of-panel  coa- 
trol.  Can  be  used  in  rigs 
up  to  1  K.W.  rating. 


Send  for  Tap  Switch  Bulletin 


Patents  Pending 


Ask  Your  Jobber  Jor  the  Ohmite  parts 
you  need,  or  Write  today  for  Catalog  18. 


Multi-point,  load-break,  non-shorting,  single- pole, 
rotary  selector  switches  particularly  designed  for 
alternating  current  use.  Ideal  for  high  current  cir- 
cut  switching  in  transmitter  power  supply  and 
many  heavy  duty  industrial  applications.  All-en- 
closed,  ceramic  construction.  Extremely  compact 
yet  perfectly  insulated.  Self-cleaning,  silver-to- 
silver  contacts.  "Slow-break,"  quick-make  action. 
Shafts  electrically  "dead" — insulated  with  steatite. 
Available  in  single  or  tandem  units;  in  10,  15,  25, 
50  and  100  ampere  models,  1  diam.  to  6'  diam. 


OHM  I T 


OHMITE  MANUFACTURING  CO. 
4840  FLOURNOY  STREET 
CHICAGO,  U.S.A.  *  VaéVO/tHuleco" 


Radio  operators,  engineers  and  public  address 
men  cverywhere  have  discovered  that  the 
most  satisfactory  and  economical  answer  to 
dependable  plate  voltage  from  a  storage  bat- 
tery  source  is  a  Mallory  Vibrapack.  This  per- 
fecled  Vibrator  type  power  supply  is  easy  to 
use  .  .  .  efficiënt  and  gives  long  service. 


Send  for  Technical  Data 

An  8 -pa ge  booklet  containing  complete  de- 
Bcriptiona  of  *11  Mallory  Yibrapacka  wilh 
application  euggestiona,  lechnical  data  and 
instructions,  is  available  upon  request. 

Ask  for  Vibrapack  Boohlet  —  Farm  E-555-C 


MallorY 

Grid  Bias  Cells 


Minimum  dktortion,  less  hum  and 
lower  coat  can  be  obtained  witb 
Mallory  Grid  Bias  Cella.  Wrïte  for 
Form  B-303  which  givea  complete 
engineering  data. 


deal  Source  of  Plate  Voltage 
Where  Commercial  Electric 
Power  is  not  Available 


ra 


THE  COMPLETE  VIBRAPACK  LINE 


Catalog 

Nuinber 


VP-551 

VP-552 

VP-553 

VP-554 

VP-555* 

VP-557* 

VP-G556 

VP-F558 


Nom¬ 
ina  1 
Oper¬ 
ating 
Vol¬ 
tage 

Nominal  Output 
Voltage 

Maxi¬ 
mum 
Output 
Curren  t 

Type 

Price 

6.3 

125-150-175-200 

100  ma. 

Self-Rectifymg 

S15.00 

6.3 

225-250-275-300 

100  ma. 

Self-Kectifying 

18.50 

6.3 

125-150-175-200 

100  ma. 

Tube-Rectifier 

16.50 

6.3 

225-250-275-300 

100  ma. 

Tubc-Rectifier 

20.00 

6.3 

300 

200  ma. 

Tube-Rec  lifter 

37.50 

6.3 

400 

150  ma. 

Tube-Rectifier 

37.50 

12.6 

225-250-275-300 

100  ma. 

Self-Rectifying 

20.00 

32. 

225-250-275-300 

100  ma. 

Tube  -  Reetifter 

20.00 

Mallory  Vibrapacks  are  avatlable  in  botli  self-rectUying  and  tube- 
reclifying  types.  The  complete  line  includes  single  and  dual  Vibrapacks 
for  outputs  up  to  60  watts.  Type  VP-G556  is  designed  for  operation  with 
the  12  volt  batteries  commoniy  used  in  airplane,  bus  and  boat  service. 
Free  engineering  service  in  adapting  the  Vibrapack  to  your  require- 
ments  is  available  on  request. 

MallörY  Transmitting  Capacitors 

It*s  worth  a  good  bit  to  be  confident  of  the  reliability  of  your  transmiltcr — 
to  know  that  wben  you  close  the  "big  switch."  your  rig  ia  ready  lo  deliver  a 
T9X  signal.  It’s  false  economy  to  use  "bargain"  filter  condenaera  since  llicir 
failure  can  result  in  damage  to  expensive  tranamitter  component*.  For  cer- 
tain  condenser  eatisfaction  be  sure  to  use  Mallory  Tranamitting  Condensers. 

Mallory  type  TZ  Tranamitting  Condensers  are  compact  economy  units  for 
those  who  muat  watch  their  costa.  These  round  alumininu  container  unita 
have  all  the  essentials*  and  are  built  with  true  Mallory  quality.  Available 
in  sizes  to  1500  working  volts  DC. 

If  you  prefer  square  containers  then  Mallory  TX  t  ra  nu  - 
mitting  condensers  will  fill  your  requirements.  Available 
in  21  stock  si  zes,  with  working  voltages  from  600  volts  to 
6000  volta,  these  condenaera  have  every  needed  feature— 
and  a  safety  factor  that  insurea  long  life  even  under 
adverse  conditions.  Constructed  with  an  exclusive  dielec- 
tric  that  givea  longer  life  and  greater  dependability  .  .. 

Mallory  Transmitting  Capacitors  are  a  real  eafeguard  for 
expenaive  riga.  TbU  Mallory  developed  dïelectric  provides 
high  dielectric  constant*  high  voltage  breakdown  and 
ïiigb,  Htable  inaulation  resiaiance,  with  low  power  factor 
under  all  operating  conditions. 


Use 

MallorY 

APPROVED 

PRECISION  PRODUCTS 


"Hamswitch” 

Designed  for  economy  and  convc- 
nience,  thisMallory* -Yaxley  Hamswitch 
No.  151L  permits  the  use  of  a  single 
meter  to  measure  currents  or  voltages 
on  up  to  and  including  five  circuits  in 
an  amateur  transmitter.  An  adjustable 
stop  permits  easy  adaptation  for  fewer 
positions. 


Multiple  Push  Button 

Mallory-Yaxley  Type  2190  switches 
make  it  possible  to  measure  a  number 
of  circuits  with  a  single  current  read- 
ing  meter.  The  insertion  of  the  meter 
in  the  circuit  is  accomplished  merely 
by  pushing  a  button.  Other  circuits 
connected  to  the  switch  remain  closed 
and  uninterrupted. 


"HamBand” 


MaJlory -Yaxley  HamBand  Switches 
make  transmitter  wave  band  switch- 
ing  as  convenient  as  changing  bands 
on  yourcommunicalions  receiver.  Con¬ 
venient  terminal  arrangement,  wide 
spacing  of  current  carrying  paris, 
heavily  silverplated  contacts  and  low- 
loss  magnesium  silicate  ceramic  insula- 
tion  are  features  especially  designed 
for  high-frequency  applications.  Your 
distributor  has  data  sheets. 


SINGLE  PUSH  BUTTON 

Yaxley  Push  Button  switches  are  ideal 
for  meter  shunt  service,  as  well  as  for 
set  analyzers,  tube  checkers  and  other 
test  equipment.  Available  in  bolh  lock- 
ing  and  non -locking  types  with  a  variety 
of  spring  contact  arrangements. 


MULTI-GANG 
CIRCUIT  SELECTOR 

Here’s  the  ideal  answer  to  simplified 
control  of  complicated  circuits.  Posi- 
tive  action  and  long  life  are  assured 
by  rigid  construct  ion. 


SINGLE  GANG 
CIRCUIT  SELECTOR 

Positive  action  and  long  life  are  two 
outstanding  characterislics  of  this 
switch  ...  just  oue  of  uiany  types 
available. 


Yaxley  Two-way  phone  plug  No.  75N, 
with  shielded  nickel  sliell.  Other  types 
—  three-way,  tie  cord,  etc. — in  both 
bakelite  and  nickel  shells. 

Yaxley  Junior  Jack  No.  704 — springs 
are  parallel  to  panel  for  compactness 
— thirteen  combinations  available. 


Avoid  run  down  batteries,  or  increased 
power  bills  by  using  Mallory-Yaxley 
Pilot  Lights  and  Jewels  as  indicators. 
They  will  keep  you  "informed”  at  all 
times,  and  enhance  the  appearance  of 
your  rig.  These  real  money  savers  are 
available  in  red,  green  and  white. 


This  three  circuit  microphone  jack  No. 
2B  is  typical  of  the  famous  Mallory- 
Yaxley  Line.  A  variety  of  spring  com¬ 
binations  is  available  for  practically 
any  applicalion  and  special  models  can 
be  furnished  on  order. 

•  •  • 

You  ahould  be  familiar  with  all  the  products 
manufactured  by  Mallory-Yaxley.  They  include 
condensera,  phone -plug»,  lip  jacks  and  plugs, 
jncks  and  jack  switches,  resiators,  dial  lighta  as 
well  as  many  other  items.  Send  for  a  complete 
catalog  today. 


SEND  FOR  COMPLETE  CATALOG 
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EMAX)  antennas  and  accessories 


I 


q 


n 


4* 


TUBULAR  ANTENNAS  AND  ELEMENTS 

Premax  Mond  Antennaa  are  designed  for  marine  and  othcr  com¬ 
mercial  usea  where  high  strength,  unuaual  resiatance  to  corrosion  and 

abihty  to  withaund  the  most  scYcrc  wind  and  shock  strains  are  essen- 

tial.  They  are  built  up  of  multiple  sections  of  hard-drawn  Monel  tubing, 
fully  telescoping  and  adjustable.  Firm,  rigid  contact  is  secured  between 
sections  by  precisely  designed  clutch-type  clamps. 

Premax  Aluminum  Antennas  combine  light  weight,  corrosion  re- 
sistance  and  adequate  strength  to  meet  the  most  exacdng  requirementa. 
Sections  are  of  special  drawn  bright  finish  seamless  aluminum  engi- 
necred  to  stand  wind  velocities  up  to  60  m.p.h.  Recommended  for 
mobile  installations,  fresh  water  craft,  police,  fire,  forestry  or  for  home 
receiving  antennas. 

Premax  Steel  Antennas»  heavily  platcd  in  bright  cadmium,  are 
highly  resistent  to  corrosion  and  extremely  strong.  Used  for  vertical 
radiators,  home  receivers,  and  commercial  installations. 

Premax  Corulite  Elements,  a  ribbed  style  preferred  for  horizontal 
mounting  becauae  of  great  strength,  lightness  and  rigidity.  Tubular 
units  (illustrated  at  bottom  of  page)  that  are  fully  telescoping  and 
adjustable. 

MONEL  ANTENNAS  — LESS  INSULATOR 


CORULITE  ELEMENTS 


No. 

104-M 

108-M 

113-M 

618-M 


Sec. 

1 

2 

3 

4 


Ext. 

Lth. 

4'0" 

8'2" 

12'4" 

17'0" 


Col. 

Lth. 

4'0" 

4'7" 

4'8" 

5'3" 


Base 
O.  D. 

X" 

$ 

1" 


Top 
O.  D. 

X" 

X" 

X" 

X" 


Weight 
Per  Pair 

1  1b. 

2  lbs. 

3  X  lbs. 
SX  lbs. 


Price 
Per  Pr. 
*1.5# 
3.3» 
5.4# 
7.5» 


Premax  Corulite  Elements  are  sold  only  in  pairs,  as  listed. 

PREMAX  POLICE  ANTENNAS 

Premax  Automobile  Antennas  for  police  and  other  commercial 
applications  are  designed  for  rough,  hard  usage  coupled  with 
efficiënt,  dependable  performance,  being  of  solid  steel  of  an 
extremely  high  carbon  content,  heat  treated  and  oil-tempered. 
Rods  of  varying  diameters,  cold  drawn,  are  joined  securely  into 
a  single,  graduated  length  which  provides  high  flexibility,  mini¬ 
mum  wind  resiatance,  and  indefinitc  life.  Bright  cadmium  plate 
offers  almost  unlimited  resiatance  to  corrosion  in  all  inland  and 
salt  water  areas.  Rods  are  also  available  in  stainless  «teel. 

SPECÏFICATÏONS  —  RODS  ONLY,  LES S  MOUNTING 
CADMIUM  STAINLESS 

Style  A  Style  A 


No. 

Sec. 

Ext'd 

Col. 

Base 

Top 

Base 

Weight 

Price 

Length 

Lth. 

O.  D. 

O.  D. 

I.  D. 

Each 

Each 

MM-213 

2 

13'1" 

6'9" 

.625" 

.489" 

.555" 

2  H  lbs. 

*25.50 

MM-1I9 

3 

19'1  X” 

6'9" 

.750" 

.489" 

.666" 

5  lbs. 

36.00 

MM-225 

4 

24' 10  Xn 

'  6'9" 

.875" 

.489" 

.777" 

8  lbs. 

48.00 

MM -330 

5 

30'0" 

6'9" 

1.063" 

.489" 

.935" 

13  lbs. 

63.00 

MM-335 

5 

35'0  X" 

7'8" 

1.063" 

.489" 

.935" 

15  lbs. 

69.00 

ALUMINUM  ANTENNAS  -  LESS  INSULATOR 

Ext’d 

Col. 

Base 

Top 
O.  D. 

Base 

Weight 

Price 

No. 

Sec. 

Length 

Lth. 

O.  D. 

I.  D. 

Each 

Each 

AM-312 

2 

12'2M" 

6'3" 

.500" 

.320" 

.334" 

1  X  lbs. 

*  4.50 

AM-518 

3 

18’0  X" 

6'3" 

.750" 

.320" 

.584" 

3  lbs. 

8.25 

AM-124 

4 

23 ’8  X" 

6'3" 

1.000" 

,320" 

.810" 

S  lbs. 

12.75 

AM-230 

5 

29'2" 

6'3" 

1.312" 

.320" 

1.112" 

7X  lbs- 

18.75 

AM-336 

6 

34'8" 

6'3" 

1.625" 

.320" 

1.425" 

11  lbs. 

27.00 

STEEL  ANTENNAS- 

-  LESS  INSULATOR  ! 

Ext’d 

Col. 

Base 

Top 

Base 

Weight 

Price  ; 

No. 

Sec. 

Length 

Lth. 

O.  D. 

O.  D. 

I.  D. 

Each 

Each  ' 

112-M 

2 

11'8" 

6'1" 

.656" 

.500" 

.556" 

4  lbs. 

*3.00  ‘ 

318-M 

3 

17'3" 

6'2" 

.875" 

.500" 

.775" 

7  lbs. 

4.50  ’ 

224-M 

4 

22'9" 

6'3" 

1.063" 

.500" 

.963" 

11  lbs. 

6.00 

130-M 

5 

28'3" 

6'4" 

1.250" 

.500" 

1.150" 

15  lbs. 

7.50 

136-M 

6 

33 '9" 

6'5" 

1.500" 

.500" 

1.400" 

20  lbs. 

9.00  . 

BASE  INSULATORS 
TYPE  1 

Lapp  design 
heavy-duty  foodng 
or  base  insulator  for 
Premax  vertical  an¬ 
tennaa.  Heavy,  wet- 
process,  brown-glaxe 
porcelain  cones  held 
in  compreasion  be¬ 
tween  hot-galvanixcd 
malleable  iron  cast¬ 
ings  which  form  the  base  support- 
Tested  compreasion  rating  up  to 
10,000  lbs.  and  will  support  35' 
vertical  under  ordinary  wind 

stressea  without  use  of  guys  or 
other  supports.  Height  to  top  7"; 
bolt  circle  5J4";  weight  7  lbs. 
Complete  with  mounting  bolts  and 
nuts. 

Old  Diameter  Price 

Number  Number  Top  Post  Eacb 
IP-24  136-L  $9.00 

IP-26  New  %"  9.00 

1P-30  New  %”  9.00 

IP-44  136-P  \%”  9.00 


TYPE  2 

A  light  design  base 
insulator  suitable  for 
vertical  antennas  up 
to  18'  height  or  with 
greater  lengths  if  prop¬ 
er  ly  guyed  or  supported 
with  stand-off  mount- 
ings.  Of  brown  glaze 
porcelain  with  top  post 
and  base  support  ce- 
mented  in  insulator.  Metal  parta 
galvanized.  Porcelain  diameter 
3^";  height  to  top  of  porcelain 
6";  flangc  diameter  3)4'';  weight 


No. 


Old 
No. 

4  3I8-P 

TYPE  6 


Dia. 

Top  Post 

H" 


Price 

Each 

$3.00 


Type  6  Base  In¬ 
sulator  will  be  recog- 
nized  as  the  most 
practical  unit  avail¬ 
able  for  mounting 
vertical  antennas  on 
shipboard,  or  on 
rooftops,  tower  plat¬ 
forms,  mobile  trucks , 
etc.  In  gener  al  con- 
struction  it  is  similar  to  Type  1 
with  the  same  general  character- 
istics.  Simpte  to  install,  neat  in 
appearance.  The  lead-through  de¬ 
sign  avoids  neceasity  for  extra 
holes,  lead-in  bushings.etc.  Flangea 
6"  diameter  with  6  bolt  holes  on 
5"  circle.  Center  stud  suited  for 
decks  W  to  3"  thick.  Total  height 
above  deck  4  H"-  Weight  11 H  lbs. 
Available  in  hot-galvanized  or 
solid  bronze  with  exposed  bronze 
portions  polishcd. 


Lth. 

No. 

Price 

No. 

Price 

Diameter 

Price  Each 

72" 

AC- 172 

*1.50 

AS-172 

*3.30 

No. 

Top  Post 

Galv. 

Bronze 

78" 

AC- 178 

1.65 

AS-178 

3.60 

6P-24 

■X" 

(12.75 

(22.50 

84" 

AC-184 

1.80 

AS-184 

3.90 

6P-26 

%" 

12.75 

22.50 

90" 

AC- 190 

1.95 

AS- 190 

4.20 

6P-30 

%'• 

12.75 

22.50 

96" 

AC- 196 

2.10 

AS-196 

4.50 

6P-44 

1H" 

12.75 

22.50 

PREMAX  CORULITE  TYPE  STEEL  ELEMENTS 

Efe 


J= 


UNIT  108-M  i  - -  -  ---A 

UNIT  104-M  i  . .  ■  ■  -  - . 


_ _ _ m  Ask  your  jobber  for  the 

new  Premax  Antenna 
Bulletin  No.  29  giving  complete  details  of  Antennas, 
Mountings,  Insulators  and  Accessories.  If  he  cannot 
supply  you,  write  direct. 


PREMAX  PRODUCTS 


DIVISION  CHISHOLM-RYDER  CO.,  INC. 
4199  Highlond  Ave  Niagara  Falls,  N  V 


HANDBOOK 


Learn  Code  the  Easy  Way 


This  automatte  code  transmitter,  the  Instructo¬ 
graph,  witb  »ts  Book  of  Instruction,  affords  one  of 
the  quickest,  easiest  and  most  practical  rnethods  of 
teaching  the  code  ibat  has  yet  been  de  v  bed. 

The  Instructograph  is  a  scientifically  constructed 
machine  that  sends  tclegraphic  cbaracters  perfectly 
at  any  desired  speed.  By  so  doing  it  literally  takes 
the  place  of  an  operator-instriictor,  and  enables 
anyone  to  learn  either  the  Morse  or  Continental 
codes  without  any  further  assistance. 

The  "Standard"  Instructofraph 

The  "Standard”  as  illustrated  is  strongly  con¬ 
structed,  enclosed  in  an  attractive  case  and  is  built 
for  years  of  tisefulness.  Ten  eode  tapes  and  the  in- 
stniction  book  are  supplted  with  the  machine.  Can 
be  furnished  either  with  an  electrtc  110-volt  60-cycle 
AC  motor  or  a  spring  wound  motor.  Priced  $24.50 
for  the  electric  motor  and  $18.50  for  the  spring 
wound  motor.  These  prices  are  deüvered  to  any 
point  in  the  United  States  or  Possessions.  $1.00 
additional  to  points  in  Foreign  Countries.  May  be 
purchased  on  convenient  montbly  payments  if 
desired. 


The  "Junior" 

The  "Junior”  operates  just  as  efficiently  as  tbe 
larger  machine  and  also  comes  in  an  attractive  case. 
The  difference  heing  maialy  in  size  and  construction. 
Five  tapes  and  ihe  book  of  instruclions  are  supplied 
with  ibis  machine.  Priced  $12.00  delivered  to  any 
point  in  the  United  States  or  Possessions,  and  $13.00 
to  points  in  Foreign  Countries.  Sold  on  easy  raonthly 
payments  if  desired. 


With  these  machines  it  is  necessary  to  use  an  oscillator  or 
buzzer  to  furnish  the  beat  note.  Full  oscillator  equipmeot 
with  audio  transformer  and  tube  Socket  designed  to  fit  in- 
side  tbe  machine.  Priced  $5.50  (less  baltery).  When  bought 
with  an  Instmctograph  this  is  wired  and  installed  in  tbe 
machine. 

RENTAL  PROPOSITION 

The  "Standard”  machine  only  is  used  in  Ben  tal  Service  and 
rentals  apply  only  to  the  United  States  proper. 

Instructograph,  10  tapes  and  book  of  instructions:  For  the 
110  volt  60  cycle  AC  motor;  First  month  $3.50,  each  addi¬ 
tional  month  $2.75.  For  tbe  spring  wound  motor;  First 
month  $3.00,  each  additional  month  $2.25. 

For  audio  transformer  and  tube  Socket  installed  add  25c  per 
month.  For  full  oscillator  equipment  add  50c  per  month. 
(Tube  and  batterv  not  rented  bul  may  be  purebased  for 
$1.00.) 

We  pay  return  transportation  charges  on  all  rentals.  A 
depoait  of  $10.00  in  addition  to  the  ren  tal  or  satisfactory 
references  and  sufficiënt  Information  ahout  yourself  is 
required. 


The  Instructograpb  Accomplishes 
These  Purposes: 

FIRST:  —  It  teaches  you  to  receive  telegraph  symbola, 
words  and  message». 

SECOND:  —  lt  teaches  you  to  send  perfectly. 

T1IIRD:  —  It  increases  your  speed  of  sending  and  receiving 
aft  er  you  bave  learned  tbe  code. 

With  the  Instructograph  it  is  not  necessary  to  impose  on 
your  friends.  It  is  always  ready  and  waiting  for  you.  You 
are  also  free  from  Q.Il.M.  experienced  in  listening  through 
your  receiver.  The  speed  range  is  five  to  forty  words  per 
mi  nu  te  and  the  tapes  range  from  the  alphabet  to  typical 
messages  on  all  subjects  induding  code  group  tapes  tbat 
cannot  be  memorized.  This  machine  is  just  as  valuable  to  the 
licensed  amateur  for  increasing  his  speed  as  to  the  beginner 
who  wishes  to  obtain  his  amateur  license. 


All  rental  payments  may  be  apptied  an  the  purchase  price  POSTAL  CARD  WILL  BRING  FULL  PARTICULARS 

skou/d  you  decule  to  buy  the  equipment.  IMMEDIATELY 


THE  INSTRUCTOGRAPH  CO. 

(Dept.  H.  B.  7) 


4701  SHERIDAN  ROAD 


Chicago,  Illinois 


PYRANOL  is  a  non-inflammable,  nonex- 
plosice  dieleciric  dcveloped  and  palenied  by 
General  Electric.  lts  extraordinary  insulating 
and  dielectric  properties  make  possible  the 
unusual  compactness  of  G-E  capacitors. 
Thousands  of  them  are  in  service  all  over  the 
world.  Quality-controlled  materials,  carefully 
supervised  manufacture,  and  years  of  tested 
application  experience  all  combine  to  give 
hams  an  unexcelled  product. 

Hermetical  sealing  assures  permanence  of  the 
characteristics  of  Pyranol  capacitors;  con- 
tamination  from  air  and  moisture  is  impos- 
sibie.  G-E  Pyranol  capacitors  are  noted  for 
their  long  life.  Write  for  bulletin  GEA-2021B. 


RATINGS  AND  PRICES 

Cylindrical  Cases 


Volts 

Mfd 

Cata  log 

Net 

D-C 

No. 

Price* 

600 

2 

23F60 

$1.95 

3 

Ï3F61 

2.25 

4 

23F62 

2.70 

1000 

1 

23F63 

1.65 

2 

23F64 

2.25 

3 

23F65 

2.55 

4 

23F66 

2.85 

1500 

0.5 

23F67 

1.80 

1.0 

23F68 

2.10 

2.0 

23F69 

2.85 

2000 

1.0 

23F70 

2.70 

2.0 

23F71 

3.00 

LOW  CAPACITY, 
SMALL  SIZE 
UNITS 


Volts 

Mfd 

Cata  log 

N«t 

D-C 

No. 

Pricc* 

500 

1.0 

23F54 

$1.80 

1000 

0.01 

23F55 

1.20 

1000 

0.05 

23F56 

1.35 

1000 

0.1 

23F57 

1.50 

1000 

0.25 

23F58 

1.65 

1000 

0  5 

23F59 

1.80 

RATINGS  AND  PRICES 

Recta  ngular  Cases 


Volts 

D-C 

Mfd 

Base  Mounting 

Invcrted  Mounting 

Cat.  No. 

Ne*  Price* 

Cal.  No. 

Net  Price* 

600 

1 

23F1 

$2.10 

26F172 

$2.10 

2 

23F2 

2.55 

26F167 

2.55 

4 

23F4 

3.30 

26F1 06 

3.30 

1000 

1 

23F10 

2.25 

26F1 56 

2.25 

2 

23F11 

3.00 

26F1 57 

3.00 

4 

23F13 

3.75 

26F93 

3.75 

5 

23F14 

4,50 

26F176 

4.50 

1500 

1 

23F20 

2.70 

26F1 81 

2.70 

2 

23F21 

3.75 

26F1  82 

3.75 

4 

23F23 

5.10 

26F1 84 

5.10 

5 

23F24 

5.40 

26F1 85 

5.40 

2000 

1 

23F30 

3.30 

26F190 

3.30 

2 

23F31 

3.90 

26F191 

3.90 

4 

23F33 

5.40 

26F193 

5.40 

5 

23F34 

6.00 

26F194 

6.00 

2500 

1 

23F39 

4.80 

26F199 

4.80 

2 

23F40 

7.80 

26F200 

7.80 

4 

23F41 

10.80 

26F201 

10.80 

3000 

1 

23F42 

7.20 

26F202 

7.20 

2 

23F43 

9.00 

26F203 

9.00 

4 

23F44 

13.20 

26F204 

13.20 

4000 

0,5 

23F45 

10.80 

26F205 

10.80 

1 

23F46 

13.20 

26F206 

13.20 

2 

23F47 

16.80 

26F207 

16.80 

5000 

0.5 

23F48 

12.00 

26F208 

12.00 

1 

23F49 

15.00 

26F209 

15.00 

2 

23F50 

19.20 

26F210 

19.20 

*  Represents  40%  oflf  list  price. 


ENERAL  ELECTRIC  has  designed  and 
”  built  tubes  to  meet  the  most  exacting 
requirements  on  land  and  sea  and  in  the  air 
for  more  than  27  years.  G.E.  on  a  transmitting 
tube  assures  you  of  long,  dependable  service 


at  low  cost.  Bulletin  GEA-33I5  lists  the  com¬ 
plete  G-E  transmitting-tube  line,  together 
with  technical  data  and  prices.  Ask  your 
dealer  for  a  copy  or  write  to  General  Electric, 
Schenectady,  N.  Y. 


G-E  BEAM  POWER  TUBES 

for  More  Power  with  Less  Equipment 
Low  Driving  Power 
Quiclc  Band  Change 

GL-807 . NET  $3.50 

The  G-E  beam  tube  for  your  low-power  require- 
ments.  Oscillator,  amplifier,  frequency  multiplier 
or  modulator — you  can’t  buy  a  more  versatile 
performer  for  $3.50!  Less  than  half  a  watt  drives 
two  807’s;  ICAS  cw  output:  100  watts! 


GL-814 . NET  $17.50 

The  G-E  beam  power  tube  for  any  medium-power 
r-f  application  up  to  30  mc.  160  watt  cw,  130  watts 
plate-modulated  phone  (ICAS)  with  1.5  or  3.2 
watts  driving  power  respectively.  A  fb  frequency 
multiplier,  too.  $17,50  puts  one  in  your  rig. 

GL-813 . NET  $22.00 

The  G-E  beam  tube  for  high  power.  It  will  produce 
150  watts  cw  as  a  crystal  oscillator.  260  watts  cw 
with  only  0.5  watt  driving  power.  An  excellent  fre¬ 
quency  multiplier.  Makes  quick  band  change  at 
high  power  easy. 

FOR  ECONOMICAL 
MEDIUM  POWER 

GL-811 . . .  .High  Mu  Triade 

ICAS*  Class  8  Modulator  Rating  (8  tubes) 

Max.  Plale  Volts . 1 500 

Max.  Plale  Currcnt . 800  mi  Is 

Driving  Power . 10.5  watts 

Output  Power . 225  watts 

NET  $3.50 

GL-812 . Low  Mu  Triode 

ICAS*  Class  C  Telegraph  Rating 

Max.  Plale  Volts . 1 500 

Max.  Plate  Current . 150  mi  Is 

Driving  Power . 6.5  watts 

Power  Output . 170  watts 

Max.  Frequency . 100  me. 

NET  $3.50 

*Jnlermittenl  Commercial  and  Amateur  Service 


G-E 


MERCURY-VAPOR  RECTI- 
FIERS 

GL-366 . NET  $1.50 

Max.  Peak  Inverse  Volts . 7500 

Peak  Plate  Current . 1  amp 

Average  Plale  Current . 0.25  amp 

GL-866A . NET  $2.50 

Max.  Peak  Inverse  Volts . 10,000 

Peak  Plate  Current . 1  amp 

Average  Plate  Current . 0.25  amp 


FOR  HEAVY  DUTY 

GL-872 . NET  $9.00 

Max.  Peak  Inverse  Volt» . 7500 

Peak  Plate  Current . 5  amp 

Average  Plate  Current . .1.25  amp 

GL-872A . NET  $11.00 

Max.  Peak  Inverse  Volts.  .10,000 

Peak  Plate  Current . 5  amp 

Average  Plate  Current.  .1.25  amp 


TOPS  IN 
"50- 

WATTERS” 

GL-838 

Class  8  Audio  260 
watts  output  (2  tubes) 
Class  C  Telephony 
100  watts  output 
Class  C  Telegraph 
130  watts  output 
Max.  Frequency  30 
mc  at  full  input;  1  20 
mc  at  reduced  ratings 

NET  $11.00 


N£TPRlces 

Gt-800  »°00 

Gt.801  »0.00 

GC-809 .  3-45 

Gt-eoj .  3-50 

GL-805 »■*> 
GL-806  •  *7,50 

GL-807.'  «00 

GL-809.  7'30 

**o 

GL-8i  I ,  “  13-50 

GL-8JJ .  3.30 

Gt-813 .  3.50 

GL-814.'  «00 

GL-833 .  *  7.50 

Gl.  837 . 33.00 

Gt-838 .  *50 

GC-845 .  11 -00 

Gt-86o.'  "  "  !°00 

Geboft.  38. 50 

GL-866A  *30 

GL-878  '  *30 

GL-872A  '  '  *-00 
Ql--1ÓS3  "  100 
••••  8.50 


U.  S.  GOVERNMENT 
AIRLINES 

MANUFACTURERS 


JOK 


JOHNSON 


BROADCASTERS 


J 


•  Antennas 

•  Insulators 

•  Condensers 

•  Inductors 

•  Tube  Sockets 

•  Plugs  &  Jacks 


Famous  Johnson  products  are  being  used  by  every  big  name 
manufacturer  of  diathermy  and  radio  transmitting  equipment. 
These  same  identical  par+s  are  available  to  you  from  your  jobber. 
We  could  not  crowd  even  a  representative  showing  of  the  line 
info  the  above  photograph  but  your  jobber  has  a  catalog  for  you 
includïng  the  Johnson-Bassett  antenna  and  concentric  feeder  line. 
Don't  use  cheap  Inferior  products  when  the  best  cost  no  more. 
Compare  Johnson  prices  and  you  will  be  agreeably  surprised. 
The  answer?  — -  quantity  production. 


CATALOG  966M 


ÜARTS  JOBBER 


y°“r  Bnkl'  ‘nd  wlll  ,j  . 

'«■•'veyo^r  He  "*pZn  K  y°" 

'Gember  '  7  «P?:’'8‘"S 

‘"PP'y  Job„,„!  ~  »«  U«.f  . 


E.  F.  J 0 H IM S 0 1\  CO 

WASEC/I,  HfII\I\E§OT/l 

EXPORT:  25  WTRRIN  ST.,  NEW  VOHh,  X.  V. 

MANUFACTUHERS  OF  RAU1Ü  TRA  \  S\1  I  TT  1  \  lï  EQIIIPMENT'* 


HANDBOOK 


Behind  the  door*  of  some  of  America 's  finest  radio  transmitting  equipment,  Kenyon  Transformers  carry 
on  —  doing  their  work  quietly,  efficiently,  dependably  even  under  the  most  adverse  conditions.  Such  a 
record  of  performance  is  truly  a  model  for  the  entire  industry. 


Kenyon 

Portable  Broadcasf  Units 

These  excellent  units  ara  imall  yet  extremely 
efficiënt.  For  both  fleld  and  station  operation. 

Laboratory 
Standard  Units 

"The  Standard  of  the  World."  Used  by  the 
most  discriminaties  for  faithful  reproduction. 

Modulation  Transformers 

We  manufacture  all  types  up  lo  and  includins 
(he  10K.W.  units  for  commercial  service. 

Special  Units 

A  Ierse  portion  of  the  business  dona  by 
Kenyon  is  on  special  units  to  Fulflll  special 
applfcations.  Small  or  Ierse  quantities. 

Audio  Transformers 

#  Shielded,  Humbucking  types 

#  Lab.  Standard  units,  uniform  from  20  to 
20,000  cycles 

#  Plus  In  types  for  governmental,  alrcraft  and 
other  applieations  whera  space  Is  at  a 
premium. 

Filament  Transformers 

Every  conceivabfe  type  from  the  smallest  to 
the  great  high  reectance  type  for  50  KW  flnal. 

Plate  Transformers 

From  the  75  volt  bias  type  to  the  huge  3  phase 
air  and  oil  cooled  units  for  Ierse  plants, 
broadcast  stations,  etc. 

Amateur  Transformers 

Long  a  favorite  with  amateurs  tverywhere. 
On  this  page  we  list  but  a  few  of  tha  many 
types  we  manufacture.  Complete  catalog  FREE 
on  re  quant. 


UNIVERSAL  MODULATION  TRANSFORMERS 


Audio  Output 

Type  No. 

Primary 

Net  Price 

T-489  .  . 

1 5  watts 

52.70 

T-493  .  . 

40  watts 

3.90 

T-494  .  . 

75  watts 

5.85 

T-495  .  . 

.  125  watts 

13.20 

1-496  .  . 

300  watts 

19.80 

PLATE  TRANSFORMERS 

Type  No. 

D.C.  Volts 

D.C.M.A. 

Net  Price 

T-668  .  . 

300 

55.85 

1-669  ,  . 

300 

9.60 

T-470  .  . 

300 

12.90 

1-611  ■  ■ 

.  1 000/1 Ï50 

500 

12.90 

T-672  .  . 

300 

11.85 

FILAMENT  TRANSFORMERS 

Type  No. 

Net  Price 

T-388  .  . 

. 2.5,  5,6.3  V— 3 A 

1000  V.  Test 

51.65 

T-35Ï  .  . 

. 2.5  V.  — 10  A.  CT. 

2000  V.  Test 

2.10 

T-360  .  . 

. 2.5  V.  — 10  A.  CT. 

5000  V.  Test 

3.00 

T-389  .  . 

. 2,5  V.  —  10  A.  CT. 

9000  V.  Test 

4.50 

T-390  .  . 

. 5  V.  —  20  A.  CT. 

1Q000  V.  Test 

8.40 

T-391  .  . 

. 5  V.  —  20  A.  CT. 

5000  V.  Test 

4.80 

T-387  .  . 

. 6.3,  6.45,  6.6  V.  —  8A 

2000  V.  Test 

2.40 

FILTER  REACTORS 

Inductence 

Max. 

Net 

Type  No. 

Henries 

M.A. 

Price 

T-153  .  . 

90 

51.95 

T-152  .  . 

200 

2.40 

T-166  .  . 

300 

4.65 

SWÏNGING  REACTORS 

Inductance 

Max. 

Nel 

Henries 

M.A. 

Price 

T-517  .  . 

90-20 

51.95 

T-506  .  . 

200-30 

2.40 

T-510  .  . 

300-30 

4.65 

The  one  style,  universal  mounting  case  design 
of  Kenyon  Transformers  adds  eye  appeal 
and  beauty  to  the  finished  product. 


S end  for  F  REE  CATALOG  showing 
hundreds  of  types  not  listed  above 


o 


KENYON  THANSFORMEU  CO.,  Ine. 

840  BARRY  STREET  •  NEW  YORK,  N.  Y. 


OFFICES  IN  PRINCIPAL  CITIES 


Clevaland 
Chicatjo  . 
Kansas  City,  Mo 


3292  Cedarbr ook  Rd. 
21  E.  Van  Buren  St. 
2004  Grand  A rr. 


SeallJe 
Lo.^  Angels* 
Dallas 


.*  .  260S  Seeand  Ave. 

.  2412  7(h  SI..  W. 
P.  O.  Box  4116.  Sta.  A 


New  Orleans 
Luti  .  .  .  . 

Rtchmond.  Va. 


.  .  .611  Gtrod  Sl. 

Florida 
3106  Edgewoad  Ave. 


SPKACUt 


SFKHVV» 

04.  CONCi*5* 


(nKM 

IkbCiiA, 

D>oc 

tOSQlUMa 


4 II  Si  zes  — 
AU  Shapes— 
AU  Voltages 


Sprague  Lifeguard 
Safety  C  aps  F  REE 


New  Sprague  High  Voltage  Micas 

You  don’t  have  to  go  looking  with  a  microscope  for 
voltage  markings  on  Sprague  High  Voltage  Mica 
Condensers!  Each  voltage  has  a  different  colored 
label  for  quick  and  positive  identification  —  red  for 
5,000  volt  condensers,  blue  for  2,500  volt  and  green 
for  1,000  volts.  Condensers  are  molded  in  moisture- 
proof,  low-loss  bakelite,  while  the  extremely  high 
voltage  units  are  sealed  in  non-hygroscopic  porcelain. 

You’re  sure  the  voltage  is  right.  You  know 
from  past  experience  that  Sprague  quality 
cannot  be  surpasseé 


Lifeguard  Safety  Caps  for  exposed  condenser  ter¬ 
minals  are  only  one  of  four  outstanding  safety  fea¬ 
tures  that  make  Sprague  Transmitting  Condensers 
(round  or  rectangular  types)  tops  for  any  amateur 
need.  Terminals  are  perfectly  insulated  from  the  cans; 
cans  are  automatically  grounded  through  the  mount- 
ing  clamps;  and  all  condensers  are  oil-impregnated 
and  oil-filled  (not  uvur-filled)  with  SPRACOL,  the 
500°  flash  protection  oil. 

Lifeguards  are  supplied  free  with  every  Sprague 
Transmitting  Condenser  —  or  you  can  buy  them  for 
your  old  condensers  at  15$S  per  pair,  amateur  net. 


SAVE  MONEY!  .  .  .  with  Type  UC  Transmitting  Condensers 


TRY  TELEVISION ! 


For  either  beginners  or  old  timers  who  don’t  want  to 
invest  much  money  in  a  rig,  we  heartily  recommend 
Sprague  Type  UC  cardboard  type  "uncased”  paper 
sections.  They’11  do  a  tip-top  job  on  requirements  up 
to  1,000  volts  at  about  one-third  the  price  of  Stand¬ 
ard  high  voltage  units.  You  can  buy  a  UC-14  1  mfd. 
400  volt  condenser  for  only  45^  amateur  net;  a 
UC-18  1  mfd.  800  volt  for  only  75(i;  or  a  UC-11  1 
mfd.  1,000  volt  for  only  90^  net.  Other  capacities 
proportionately  low.  It  should  pay  you  to  investigate! 


Along  with  a  lot  of  other 
amateurs,  you’ll  prohably 
aoon  be  giving  Televieion  a 
whirl  ■ —  and  wben  you  do, 
look  to  Sprague  for  tbe 
right  condensera.  For  sev- 
eral  y  earr  past,  we  ba  ve  been 
workingwith  leading  equip- 
ment  manufacturera  and 
have  deveïoped  a  complete 
line  of  quality  unit»  specifi- 
cally  conatructed  for  exact- 
ingTelevieionrequiremcnla. 
See  page  20  of  the  new 
Sprague  Condenser  Catalog 
for  Standard  types  now  gen- 
erally  available. 


LOOK  AT  THESE  RESISTOR  VALUES! 


Study  the  construction  of  Sprague  Koolobtn  Resistors.  See 
for  yourself  the  tremendous  plus-values  you  get  every  time 
you  use  one.  ComniOD  sense  will  teil  you  the  advantage  of 
having  every  bit  of  wire  insulated  hef  ore  it  is  wound  with  a 
special  heat-proof,  moisture-resistant  material.  Layer  wind- 
ings,  larger  wire  sizes,  more  resistance  in  Iess  space,  5%  ac- 
curacy,  no  chance  for  sborted  windings,  coolcr  opera tion, 
inexpensive  non-inductive  winding»  .  .  .  these  are  but  a  few 
of  the  resulfiug  features  that  are  unsurpassed  in  the  resistor 
market  today.  Write  for  Koolohm  Catalog. 

SPRAGUE  KOOLOHM  RESISTORS 


AVOID  FAILURES! 

Other  condenser  types 
come  and  go,  but  fa- 
mous  Sprague  TC  Tuh- 
ulars  go  on  forever.  The 
reason?  Well,  U’s  simply 
that  you  can’t  beat 
them  for  any  by-passing 
requirement.  Test  volt¬ 
age  1200,  worktng 

voltage  600.  Made  “Vot  a  Failure 
in  a  complete  line.  in  a  Million ” 


GET  THIS  CATALOG  FREEI 

The  biggeat  moet  complete  Condenser  Cat¬ 
alog  Sprague  haa  ever  ieaued.  Aak  your  job¬ 
ber  or  write  to  ua.  Aak  for  the  1941  Catalog. 


Cross  Seetion  —  showing  Progressive  inler- 
leaved  tui  rulings  for  higher  rosistance  veUues 

in  lest  space. 


Cross  Seetion  — -  showing  wire  used  in 
Koolohms  with  a  seetion  o  the  insultxtum 
remmed 
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Clearer  reception!  Greater  range  with 

PYREX  BRAND  GLASS  INSULATORS 


ABOVE:  PYREX  Antoaiu  hu  ■ten  — 
Nvt.  67051, 67017, 67007. 


BELOW:  PYREX  Stand-Off  Innlaton  lor  High  Power 
Tranunltttn —  Nou  67107 ,  67109. 


THERE’S  no  doubt  about  it!  Pyrex  Radio  Insu- 
1  lators,  made  from  tough,  non-porous  PYREX 
brand  glass,  bring  in  clearer  signals  from  greater 
distances  under  any  weather  conditions! 


Formed  in  a  single  piece,  with  a  smooth  surface 
that  can’t  absorb  moisture,  PYREX  Insulators 
have  no  pores  or  cracks  for  dust  to  lodge  in. 
There  is  no  glaze  to  chip  or  crack. 

The  result  is  an  insulator  of  great  stability  with 
superior  surface  resistance  and  minimum  power 
loss  .  .  .  the  very  features  you’ve  been  looking 
for! 
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Send  now  for  the  free  folder  or  United  catalog 
pages  describing  the 
complete  line  of  PYREX 
Radio  Insulators.  Specify 
PYREX  Insulators  next 
time  you  buy  from  your 
local  radio  supply  house. 


CORNING  MEANS 
RESEARCH  IN  GLASS 
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CORNING  GLASS  WORKS 

CORNING,  N.  Y. 
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A  sta  tic  Crystal  Products  Licensed  Under  Brush  Development  Co.  Patents 
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Centplab 

The  Quality Line 


SELECTOR  SWITCH 

Available  in  an  almost  iniinite  variety  of 
combinations  ...  in  bakelite  or  isolantite  .  .  . 
in  single  or  multiple  gang  .  .  .  irom  two 
to  eleven  positions  on  any  one  switch  .  .  . 
also  available  lor  use  in  amateur  transmittera. 


STANDARD  RADIOHM 

Teaturing  maximum  resistor  length  to  case 
diameter  .  .  .  accurate  tapers  .  .  .  low 
noise  level  .  .  .  longer  lile  .  .  .  better  power 
dissipation  and  better  all  'round  performance. 


Hams,  Servicemen,  Experimenters  and 
Manufacturers  appreciate  the  utter  de- 
pendability  of  Centralab  products.  Since 
1922  more  than  a  hundred  million  radio 
parts  bespeak  the  universal  acceptance 
accorded  Centralab  products.  Send  for 
catalog  if  your  jobber  cannot  supply  you. 

CENTRALAB 
Oiv.  of  Globe-Union  Ine. 

MILWAUKEE 


MIDGET  RADIOHM 

In  compact  sets  space  is  at  a  premiumithe 
MIDGET  fills  the  bill  .  .  .  bakelite  case 
1 W'  diameter  .  .  .  Vi"  aluminum  shaft  .  .  . 
33/s"  long  milled  lor  Standard  push-on  or 
get-screw  knob. 

ATTACHABLE  SWITCH  COVERS 

Foi  Standard  and  wire  wound 
resistors  (Radiohms)  as  well  as 
Midgel  Radiohms  .  .  .  S.P.S.T. 
.  .  .  S.P.D.T.  .  .  .  D.P.S.T.  .  .  . 
lour  point  ,  .  .  S.P.D.T.  (operates 
at  clockwise  position)  and  S.P.S.T. 
with  Dummy  Lug. 


SPLIT-KNURL 
REPLACEMENTS 

Can  be  easily  adapted  to 
many  of  the  current  sets 
by  merely  cutting  shaft  to 
proper  length  ...  of  brass 
.  .  .  easy  to  cut  .  .  ,  ex- 
tends  3"  from  the  end  of  a 
3/s"  bushing. 

WIRE  WOUND  RADIOHMS 

In  values  from  2  to  10,000  ohms  .  .  .  insulated 
construction  ...  3  watts  .  .  .  universal  shaft  for 
all  replacements  . . .  regular  Radiohm  switch  covers 
may  be  altached  ...  in  linear  curve  only  .  .  . 


LEVER  ACTION 
SWITCH 

Used  singly  or  in 
groups ...  for  broad- 
casting,  receiving. 
public  address,  test 
instruments  and  in- 
dustrial  uses.  Avail- 
able  in  any  one  of 
ten  dilierent  com. 
binations  including 
posilive  and  spring 
return  action. 

AXIAL  LEAD  RESISTORS 

Body  is  insulated  by  inert  ceramic  jacket 
.  .  .  prooi  against  vibration  and  humidity 
.  .  .  will  withstand  live  times  rated  load 
without  permanent  change.  In  two  sizes 
.  .  .  RMA  coded  ...  1/2  watt  at  Va"  x  Va" 
and  1'  watt  at  V\"  x  1". 
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ADASHAFT  MIDGET  RADIOHM 

Will  handle  more  than  400  different  makes  (several 
thousand  different  models)  as  far  as  values  and  tapers 
are  concerned.  A  valuable  and  ideal  emergency  kit. 


K  IS}  4  IN  ADASHAFT.  Fl  AT 
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K  IS*  4  IN  ADASHAFT.  FIAT 
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K  ieS  IOIN  ADASHAU,  £  FIAT 


K  iee  SIM  AUTO  TTIt  ADAIHAFT  WITH  OuiDt  fu*»H 
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Kwa  MviiAima  coupled  with  squa^  moie 


As  specialists  for  many  years  in 
the  produclion  of  highest  quality 
relays  and  timers.  Dunco  offers  a 
complete  line  of  Standard  and 
special  types  engineered  for  spe- 
cific  requirements.  We  welcome 
the  opportunity  to  cooperate 
with  you  in  supplying  suita- 
ble  units  for  practically  any 
application. 


(1)  DUNCO  RADIO 
RELAY 


(2)  DUNCO  MIDGET 
KEYING  RELAY 


UNCO  RELAYS  for  AMATEUR  USE 


Isolated  contacts  permit  operation  in  high  or  low  voltage 
circuits  at  any  frequency.  No  feedback  or  hum.  Unit  is  de- 
signed  for  extremely  fast  operation.  Unexceiïed  for  bug 
keying.  Low  contact  resistance;  single  break  contacts;  high 
voltage  and  eurrent  carrying  and  breaking  capacity;  vibration- 
proof  construction  and  many  other  features. 


Type  Operatcs  On  Amateur  Net 

RAI  2.5  V.  60  Cycïe  Coil .  $2.00 

RA2  2.5  V.  25  Cycle  Coil .  2.00 

RA3  6.3  V.  60  Cycle  Coil .  2.00 

RA  15  115  V.  60  Cycle  Coil .  3.50 

RD1  5  to  6  V.  D.C.  Coil .  2.00 

RD15  10  to  12  V.  D.C.  Coil .  3.00 


(3)  DUNCO  TIME  DELAY  RELAYS 

By  connecting  input  terminals  across  primary  of  filament 
transformer,  and  output  terminals  to  primary  of  plate  trans- 
former,  power  is  delivered  to  the  latter  30  seconds  af  ter  fila- 
ments  are  tumed  on,  thereby  prolonging  tube  life.  Unit 
has  snap-on  housiog  with  panel  mounting  as  illustrated  for 
hack-of-panel  connection.  Contacts  rated  6  amps.  at  115  v.f 
a.c.  3"  high,  2J^"  wide,  2Me”  deep  including  cover. 

Dunco  Type  TD-327 ’,  Amateur  Net  $8,80 
Other  Time  Delaya  and  Time  Controls  available.  Teil  us  your 
requirements 

(4)  DUNCO  MERCURY  PLUNGER  RELAY 

Tbis  power  type  relay  handles  loads  up  to  30  amperes  at  110 
volts  a.c.  or  20  amperes  at  220  volts  a.c.  Unexceiïed  for  re- 
motely  controlled  transmitters,  receivers,  motors,  etc.  The 
mercury  tube  is  of  the  plunger  type  with  only  one  moving 
part.  It  is  completely  silent  in  operation.  Due  to  the  use  of 
mercury  contacts,  there  is  no  sticking  or  burning  of  contacts. 
Standard  eoils  operate  on  115  volts,  60  cycles,  but  other  coils 
are  available.  Vertieal  panel  mounting.  Size  39'é"  high  x  2)4" 
wide  x  2%"  deep. 

Dunco  Type  MR-1 ,  single  poley  Amateur  Net  $6.00 


A  high  quality  relay  for  speeds  up  to  40  w.p.m.  Silver  button 
replaceable  contacts  will  interrupt  currents  of  6  amps.  at 
110  v„  a.c.  Contacts  are  single  pole,  and  elose  when  coil  is 
energized.  Consumes  50  ma.  at  110  v.,  60  cycles.^  Vertieal 
panel  mounting.  Handles  loads  to  660  watts.  294"  high,  1 
wide,  1 94”  deep. 

Dunco  Type  ASBX1 ,  Amateur  Net  S 3.75 
NOTE:  Dunco  mak  es  many  other  Midget  Relay  Types  which  are 
described  in  detail  in  our  general  catalog.  Amonff  these  are:  ABTX1 
S.P.D.B.  Front  Contact,  $3.75;  ABTX1P  S.P.D.B.  Front  Contact 
with  pigtail,  $4.00;  ADBX1  D.P.S.B.  Front  Contact,  $4.75;  BSBX1 
S.P.S.B.  Back  Contact,  $3.75;  CSBX1  S.P.S.B.  Doublé  Throw, 
$4.00;  and  CDBX1  D.P.S.B.  Doublé  Throw,  $5.25  amateur  net. 
These  do  not  operate  as  fast  as  Type  ASBX1. 

(5)  DUNCO  RADIO  FREQUENCY  RELAY 

Developed  for  use  with  low  power  transmitters.  Contacts  are 
doublé  pole,  doublé  throw  rated  6  amperes  at  500  volts  R.F. 
Mounted  on  miealex  hase  and  a  micalex  cross  arm  insulates 
the  moving  contacts  from  armature.  Vertieal  mounting. 
Standard  coil  opera tes  on  115  volts,  60  eyeles»  consumes  4 
watts.  Other  voltage  coils  available,  Size  3"  high  x  2"  wide 
x  2J4"  deep. 

Dunco  Type  CXA1946 ,  Amateur  Net  $ 5.25 

(6)  DUNCO  VACUUM  TUBE  RELAY 

An  ultra-sensitive  unit  specifically  designed  for  operation  in 
plate  circuits  of  small  vacuum  tuhes.  Takes  d.c.  in  coil  circuit 
and  eitber  d.c.  or  a.c.  in  contact  circuit.  S.P.,  D.T.  contacts 
make  one  circuit  when  coil  is  energized,  and  another  circuit 
wben  de-energized.  Coil  has  10,000  ohms  resistance.  Handles 
up  to  18  ma.  Unit  may  be  adjusted  for  operation  down  to  1 
ma.  Contacts  rated  2  amps.  at  110  v.,  a.c.  2]/g,f  bigb,  294” 
wide,  2"  deep. 

Dunco  Type  SD40S2y  Amateur  Net  S 6.00 

Write  for  details  on  Dunco  sequence,  ratebet  or  "atep-by-atep”  relay*. 


THE  DUNCO  CATALOG  i*  your  guide  to  het  ter  relays.  Lists  the  full  line  of  Standard  and  specaaL 
Dunco  Relays  and  containa  a  wealth  of  engineering  and  application  information.  Write  for  your  copy. 
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PRECISION-BUILT  RADIO  EQVIPMEIVT 


*7Ue  Btanda/id  oj  Comp4S/Uio*t 


UNI-SIGNAL  SELECTOR 


Connects  as  a  speaker  lo 
the  output  oi  any  receiver. 
Elïminates  all  interference 
in  the  iorm  oi  QRM,  QRN, 
Tube  Hiss.  etc.  For  CW  o n/y 
— can  not  be  used  on  phone. 
Hes  clean.  1000-cycle  note. 
25-cycIe  seleetivity  —  fakes 
up  where  crystal  leaves  olf. 


No.  9-1026,  Amateur  Net . $13.75 


DE  LUXE  SIGNAL  SHIFTER 


The  accepted  Standard  for 
ECO  operation.  Shiits  your 
frequency  to  a  clear  spot 
with  ease  and  accuracy. 
All-band  operation;  voltaco- 
regulated  for  stability.  Tec- 
tures  positivo  oscillator  key- 
ing  for  “break-in"  opera¬ 
tion.  Complete  with  tubes. 


No.  9-1027,  Amateur  Net . $47.50 


SIGNAL  SPLICER 


SIGNAL  BOOSTER 


Used  ahead  oi  any  receiver, 
provides  average  gain  oi 
40  db.  Two  stages  oi  high- 
gain  RF  ampliiication,  seli- 
powered.  Covers  iull  range 
between  1.6  and  31  me,  Has 
RF  Gain,  Range,  Antenna 
Compensator,  Cut-Over 
Switch  and  Tuning  Control. 
Complete  with  tubes. 


No.  9-1031,  Amateur  Net . $43.50 


MC  28-56  CONVERTER 


Designed  to  match  any  type 
of  antenna  to  the  input  of 
any  receiver.  Where  trans- 
mitting  antenna  is  used  for 
receiving  also,  this  unit  will 
pro  vide  material  increase  in 
Signal  Gain.  Uses  no  power 
— no  tubes  1  Improves  image 
rejection  —  reduces  noise 
pick-up. 


No.  9-1022,  Amateur  Net . $3.95 


$44.75 


MT.  CARMEL,  H.MHQIS 

'  '■  •  ■  *  ■  ■' 

V,A  FAMOUS  NAME  FOR  TWO  DECADES" 


Covers  28  to  30  mc  and  56 
to  60  mc.  Converts  to  6. 9-7.4 
mc  1F  to  work  into  any 
Communications  receiver. 
Uses  1852,  high-gain  RF 
axnplifier.  Provides  consist¬ 
ent  reception  on  the  5  and 
10  meter  bands.  Voltage 
regulated.  Complete  with 
tubes. 


No.  9-1032,  Amateur  Net 


Write  for  your  Free  copy  of  the  New  Amateur  Catalog 
Read  the  story  behind  Meissner  Precision-Built  Equipment 


Address  Dept.  H-41 


SIGNAL  RESONATOR 

Single  Control  unit 
for  YOUR  transxnitteri 
Automatically  sets 
all  condensors,  band- 
switches,  etc.  to 
completely  tune  your 
transmitter  to  any  oi 
eleven  desired  fre- 
quencies. 

Entirely  mechanical,  easy  to  install;  only  3  seconds 
to  change  frequency  with  the  Signal  Resonator! 

No.  9-1024,  Amateur  Net . $29.50 
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is  the  type  BR  "Blue  Beaver" — world's  smallest  S 
electrolytic.  Use  "Blue  Beavers" — save  space,  savi 
-—get  better  all  ’round  performance. 
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CORNELL- 

DUBILIER 


For  the  complete  lïsting  of  all  C-D  Capacitors,  Capaci- 
tor  Test  Instruments  and  Quietone  Interference  filters, 
ask  your  local  C-D  distributor  for  Cat  I85A.Orwrite 
to  Cornell-Dubilier  Electric  Corp.,  So.  Plainfield,  N-J. 


Type  86  Mica  Capacitor 


Type  DYR  Dykanol  Bypass 
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RME^S  ENGINEERING  FACIUTIES  ARE  AVAILABLE  TO  THE 
PROFESSIONAL  AND  AMATEUR  ALIKE 


Regardless,  whether  your  radio  communication  needs  are  for  industrial  Appli¬ 
cation,  or  whether  just  for  pleasure,  there  is  an  RME  instrument  to  meet  many 
specifications,  Nearly  a  decade  in  the  communication  engineering  field  has  given 
our  engineers  a  wealth  of  practical  information  and  ^  experience  in  the 


design  of  new  and  customed  apparatus.  Price 
or  Standard  equipment  will  gladly  be  given 


quotations  on  special 
on  request. 


UNIFORMITY 


OF  ALL  RECEIVING  EQUIPMENT  IN  YOUR  STATION  is  possible 
when  RME  units  are  incorporated  throughout.  RME  provides  the  steps  to 
more  accurate,  efficiënt,  and  above  all,  STANDARDIZED  reception  of  all 
communication  services  from  90  KILOCYCLES  TO  60  MEGACYCLES. 

The  following  chart  shows  the  steps  upon  which  RME  instrumenb  are  classf- 
Red.  Choose  the  classification  or  clatsificaMons  in  whfch  you  are  interested, 
Uien  write  «is  For  speel  Ac  Information  conceming  partfeular  units  in  eech 
groupf 


HERE  ARE  2  FINE, 
OUTSTANDING 
EXAMPLES  OF 
RME  SUPERIOR 
CRAFTSMANSHIPï 


One  is  a  uriversal, 
amateur  or  professional,  Standard  Communications  receiver,  the  RME-99/ 
the  other  is  a  new,  special  purpose  receptor  for  industrial  application.  This 
latter  receiver,  the  SPD-11,  is  a  crystal  controlled  instrument  incorporating 
6  predetermined  frequency  channels. 


1.  STANDARD  COMMUNICATIONS  RECEPTION 

The  RME-99,  12  tube  custom-built  receiver  incorporates  every  convenience  and  control  necessary  for  efficiënt  and  accurate  reception 
of  all  frequencies  from  550  to  33,000  kilocycles.  Relay  rack  or  cabinet  models  are  available  in  a  variety  of  different  voltages  and 
currents. 

2.  SPECIAL  LOW  FREQUENCY  AND  AIRCRAFT  RECEPTION 

A  number  of  units  are  available  in  this  class.  All  are  constructed  with  selective  and  efficiënt  circuits  for  proven  performance» 

Ask  for  information  conceming  the  LF-90  FREQUENCY  INVERTEft  and  the  ME-14  PORTABLE  RECEIVER.  (In  process  of  de¬ 
sign  are  2  new  aircraft  units  of  particular  interest  to  the  private  pilot.) 

3.  ULTRA-HIGH  FREQUENCY  UNITS 

Listed  in  this  group  are  complete  receïvers  tuning  all  channels  from  27.8  to  60.3  megacycles,  ham  band  models, 
crystal  controlled  spot-frequency  police  units,  EXPANDER  UNITS  for  conversion  of  Standard  communication  re- 
ceivers  to  efficiënt  high  frequency  reception,  and  receïvers  especially  designed  for  remote  pick-up  service. 

4.  INDUSTRIAL  AND  COMMERCIAL  RADIO  DEVICES 

This  classification  includes  forest  service  units,  crystal  controlled  receïvers  such  as  the  SPD-1 1  (above), 

O  oscilloscope  amplifiers,  and  other  electronic  Instruments.  In  this  group,  also,  are  classed  special  units 
made  up  to  individual  specifications. 


Detaifed  Information  Is  Available  without  Obligation 
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Among  the  Finest  Semi- Automatic  Radio  and  Telegraph  Keys 

Genuine 


Preferred  by  good  op¬ 
erators  the  World  over 
for  its  clarity  .  .  .  speed 
.  .  .  sending  ease. 


THE  LIFETIME  KEY 


The  " CHAMPION " 
ONLY  $«.95 
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Like  all  real  champions  this 
New  Vibroplex  “CHAM¬ 
PION’'  defies  competition. 
Attractive  design,  sturdily 
built  and  a  “STAR”  per¬ 
former.  Standard  size  black 
crystal  base  with  polished 
chromium  top  parts. 
contacts.  Furnished  with¬ 
out  circuit  closer,  cord  and 
wedge  for  radio  use  only. 


VIBROPLEX  "Original" 
Model 


Here's  u  key  liked  by  evei  y  brass-pounder  who  lias  ever  used  it. 
Smootli,  easy  action  this  is  the  type  of  key  an  expert  operator 
needs  when  he  has  a  tough  sending  assignment.  because  he 
knows  from  experience  that  it  will  handde  the  job  quicker, 
better  and  with  less  efïfort.  Suitable  for  both  Morse  and  Radio, 
ffa"  contacts.  Standard  finish,  $15.95.  De  Luxe,  $19.50. 

VIBROPLEX  " Blue  Racer" 

Model 

Similar  to  the  'Original’* 
Vibroplex  but  only  half 
the  size.  Tucks  away  in 
small  space  and  is  a 
handy,  reliable  and  effi¬ 
ciënt  key  tor  all  classes 
of  telegraph  work.  Em- 
bodies  the  same  sending 
possibilities.  the  same  strength  and  durability  as  the  Standard 
size  keys.  contacts.  Standard  finish,  $15.95.  De  Luxe, 
$19.50. 


New  1941  Vibroplex  Keys 

The  New  1941  Vibroplex  Semi- Automatic  Keys  are 
the  smartest,  smoothest,  easiest  to  operate  keys 
Vibroplex  has  ever  producecl.  Standard  finish 

includes  Polished  Chromium  top  parts  with  black  base.  De  Luxe 
finish  includes  Polished  Chromium  top  parts  and  base.  colorful 
red  switch  knob,  finger  and  thumb  pieces  and  a  green  silk  cord. 
For  a  limited  time,  De  Luxe  models  are  being  equipped  with 
Patented  JEWEL  Movement  without  extra  charge.  Jeweled 
movement  insures  a  lifetime  of  dependablc  service  and  ease  of 
operation  not  possible  in  any  other  key.  The  1941  Vibroplex 
keys  also  include  DIE  CUT  dot  contacts  and  main  springs 
insuring  uniform  length  and  tensile  strength  at  all  times. 

VIBROPLEX  " Lightning  Bug" 

Model 


This  GREAT  NEW  DESIGN  VIBROPLEX  is  one  of  the 
smartest.  smoothest.  easiest -working  keys  ever  produced.  It  is 
popular  with  both  Morse  and  Radio  operators  because  of  its 
strong,  clear  signal,  precision  adjustment  and  ease  of  manipula- 
tion.  Maintains  the  same  high  quality  signal  at  all  speeds. 
Embodies  many  features  not  found  in  any  other  key. 
contacts.  Standard  finish,  $13.95.  De  Luxe,  $17.50. 


CARRYING 

CASE 

Plush  lincd.  Fin 
ished  in  black 
morocco.  Rein- 
forced  corners. 
Flcxifile  leathcr 
handle.  Look  and 
key.  $3.50. 


Writc  for  New  lllustratcd  Catalog  showing 
complete  lino  of  Vibroplex  keys  including 
the  New  Sensational  1941  Patented  Jcwel 
Movement  Vibroplex  in  color. 

THE  VIBROPLEX  CO.,  Inc. 

832  Broadway,  New  York,  N.  Y. 

J.  E.  Albrighi,  President 


C 'omtneAxUal-Cf'icu.^e 

TRANSMITTING 

CAPAGXTORS 


EROVOX  CORPORATION 

Aew-  fle&jpxA,  MgAA. 


frjpll 


Heretofore  supplied  only  to  Army  and  Navy, 
commercial  communication  companies  and 
broadcasters,  and  to  builders  of  quality  radio  and 
electronic  equipment,  Aerovox  now  makes  avail- 
able  (o  "hams"  this  extra-quality  line.  Here  are 
typical  mica  items  .  .  . 


#  For  iuch  applicationi  «i  grid,  plata-blocklng,  coupling,  tank  and  by-paia- 
ing  In  high-powaïad  "ligt."  Low-lo»  glaiad  ceramic  caiing  providei  long 
creapage  path  batwaan  cart-alumlnum  terminal*.  Corona  loiiet  aliminatad 
iiuida  and  out.  Uniform  voltaga  gradiant.  Low  contact  ratitlanca  batwaan 
itackad  unlb.  India  ruby  mica  lactlons  mada  to  cloieit  tolerancei  to  equali» 
loadlng  of  teriei-connected  lactlons.  Rlgldly  clamped  in  low-lo»  non- 
magnatic  dampt,  Heat-traatad  for  maximum  capacity-tamperatura  ftabillty. 
Vacuu m-i mpragnatad  lactloni  imbaddad  in  lowlott  Aller,  raducing  ttray 
lottat  and  barring  molttura  panatration.  Fiva  tizat.  .00001  to  .5  mfd.  1 000 
to  35,000  tart  volb  alFactiva. 


•  Mica  capacltori  aspacially  tultad  to  applicationi  raquiring  thialdad  ca- 
pacity  wlth  ona  tarminal  groundad.  Complataly  thialdad  from  ttray  Aaldi  of 
naarby  componanb.  Corona  lottat  avoldad  by  a  ttack  conrtruction  and 
groundad  cata.  High-tamion  Staatlta  pillar  tarminal.  .0000S5  to  .1  mfd. 
1 000  to  6000  tart  volb  affactiva. 


•  Larga  bakallta-cata  mica  capaclton  atpacially  for  ultra-high-frequancy 
applicationi.  Handling  alavatad  voltagat  and  highar  cunant  ratingt.  Non- 
magnatic  clamping  of  mica  lactiont.  Vacuum-impragRatad  ttack  auembly 
wlth  low-lon  Alter.  .00001  to  1.0  mfd.  S50  to  8000  tart  volb  affactiva. 


•  Alto  axtra-haavy-duty  oll  capaclton;  a  wider  cholca  of  wax-Allad  papar 
condantart;  plug-ln  alactrolytici  and  papar  capaciton,  etc. ,  etc. 

Ask  Your  Local  Jobber  .  .  . 

•  Consult  Kim  about  those  extra-heavy- 
duty  capacitor  problems.  He'll  go  over 
our  special  engineering  data  with  you 
and  Kelp  you  select  just  the  capacitors 
you  require. 


Salci  Offices  in  All  Principal  Citics 


HALUCRAFTER 


ESTERN  ELECTRIC 


COLLINS 


,  ^A£Dwtify  choice  jt of 

CÏJfJSlt  which  they  b«come 


w  RADIO 

ENGINEERIMG 

i  labs.  A 


HARVEY  100 -t  %{ 
transmitter  J 


HOUUPRD  Comm 


Sebieé 


Qppküval 


Impreasive  in  appearcmce — tops  in  perform¬ 
ance  and  ease  of  operation.  Can  ba  started 
with  basic  Model  435  on  the  Progressive  Series 
Plan.  Gives  you  the  advantage  oi  a  modest 
investment  with  the  privilege  of  adding  to  your 
oquipment  at  any  time  you  desire. 


COé 


Quality  at  a  price  that  isn't  "loaded" 
will  always  command  a  buyer's  at- 
tention.  That's  why  HOWARD  Com- 
munication  Receivers  sell  in  steadily 
growing  volume.  Every  HOWARD 
Receiver  is  truly  a  triumph  of  design, 
performance,  beauty  and  engineer¬ 
ing  craftsmanship — each  developed 
to  meet  the  exacting  operating  de- 
mands  of  today  and  tomorrow. 


ALL  MODELS  HAVE  FOUR 


650  PRESELECTOR 


The  performance  of  this  high  gain 
two  stage  RF  pre-amplifier,  using 
1853  tubes,  is  truly  remarkable  in 
increasmg  DX  and  in  reducing  sig- 
nal  interference.  Seli  powered,  with 
exclusive  loop  arrangement  reading 
directly  in  degrees  of  the  compass, 
this  important  unit  of  the  HOWARD 
Progressive  Series  can  be  eifectively 
used  with  any  type  or  make  of  re¬ 
ceiver.  The  master  selecting  Sys¬ 
tem  provides  operation  with  loop  or 
extemal  antenna  or  cuts  out  pre- 
selector  for  regular  op¬ 
eration  of  receiver. 

Price  complete,  but 
without  loop. 

(Loop  Antenna) — $7.501 


MODEL  "437” 

Extremely  sensitive  and  selective — is  an 
outstanding  performer  on  all  bands.  It 
features:  9  tubes,  RF  stage  on  all  4  bands, 
two  iron  core  IF  stages,  Noise  Limiter, 
Crystal  Filter,  BFO,  Electrical  Band 
Spread,  exclusive  HOWARD  Inertia  Knobs, 
and  all  other  desirable  reiinements.  Exact 
Carrier  Level  Meter,  an  entirely  new  de- 
vice  for  measuring  input  signal  strength 
in  microvolts,  can  be  installed 
on  any  HOWARD  Progressive  $CA50 

model  for  $12.00.  - 

(With  Cryital — 542.00) 


660  FREQUENCY 
MONITOR 

Enables  you  to  read  directly  in 
freguency,  any  unknown  signal 
in  the  amateur  bands.  Ceramic 
insulated  precision  built  vari- 
able  condensor  carries  an  ex¬ 
tremely  accurate  frequency 
scale.  Frequency  can  be  read 
within  one  kilocycle  on  the 
lower  frequency  bands  and 
within  five  kilocycles  on  the  10 
meter  band.  Highly  stabilized, 
has  built  in  power 
supply  and  will  oper- 
ate  with  any  receiver. 

Complete  price. 


iiication  Equipment 


’fimateuïi 

qwkeke/ 


Owners  everywhere  have  acclaimed 
the  abundance  of  exclusive  features 
found  in  the  1941  HOWARD  Com- 


Howard  Model 


munication  Receivers.  Dollar  for  dol¬ 
lar,  the  outstanding  performance  of 
these  great  receivers  is  representa- 
tive  of  America's  finest  values.  Be 
sure  to  personally  see  the  brilliant 
new  HOWARD  Models  before  you 
buy  any  receiver. 


ANDS-540  KC  to  43  MC. 


For  thos*  deciring  a  single  unit  receiver  that  establishes 
new  standards  of  performance  the  new  14  tube  HOWARD 
490  is  outstanding  in  every  respect.  Has  sensitivity  that 
never  knows  crowding  and  selectivity  that  may  be  varied 
at  will  trom  the  hairline  Sharp  positron  required  lor  CW 
to  wide  range  tor  high  fidelity  reproduction.  2  RF  stages, 
Calibrated  band  spread,  9  position  variable  IF  selectivity, 
air-tuned  IF  transionnei3,  temperature  compensated  oscil- 
lator,  automatic  noise  limiter,  variable  audio  fidelity,  8 
watt  push-pull  output,  Comes  complete  with  14  tubes, 
crystal  filter  and  10  inch  extemal  dynamic  speaker  in 
matching  cabinet. 


MODEL  "43&" 


Providing  more  features  than  Model  435, 
but  lower  in  cost  than  Model  437,  the 
HOWARD  436  is  the  answer  to  outstand¬ 
ing  performance  in  the  medium  price 
range.  A  seven  tube  receiver  containing 
all  features  of  basic  Model  435,  plus  an 
efficiënt  noise  limiter,  a  new  eight  inch 
band  spread  micrometer  dial  and  exclu¬ 
sive  HOWARD  Inertia  tuning  Controls 
which  provide  fly-wheel  tuning 
on  both  main  and  band  spread 
dials.  A  remarkable  value. 


53995 


MODEL  "435" 

HOWARD  Model  435  is  the  basic  unit  of 
the  HOWARD  Progressive  Series,  features 
six  tubes,  separate  electrical  band  spread 
condensor,  ceramic  coil  torms,  built  in  &Vi 
inch  electrodynamic  speaker,  6FO,  iron 
core  IF  coils,  copper  plated  chassis  and 
silver  plated  shielding.  The  slide  rule  dial 
is  silver  plated  and  well  illuminated.  A 
band-in-use-indicator  is  at  the 
left  of  the  main  dial  with  elec-  4QAD4 
trical  band  spread  at  the  right.  *  Jmf  — 


PROGRESSIVE 
SERIES  PLAN 

HOWARD'S  revolution- 
aiy  direct  factory  con¬ 
version  set-up,  applicable 
to  Models  435,  406  and 
437*  enables  you  to  own 
at  all  times  our  latest 
receiving  equipment  — 
without  loss  or  uniavor- 
able  trade-in  deals.  It 
is  ihe  most  ilexible  and 
all-in-your-favor  pur- 
chase  plan  in  existence. 
Inquire  todayl 


"For  national  defense  or  private  industry  . . .  where 
dependability  and  adherence  to  specifications  are 
essential  .  .  .  transformer  users  turn  to  UTC." 


Whether  STANDARD  or  SPECIAL 
UTC  has  a  transformer  for  every  purse  and  purpose 
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WALTER  H.  CANDLER 
Originator  of  the  famous  CANDLER 
SYSTEM  and  founder  of  the  Cand- 
leiSyatcm  Company. 


h*ew  CANDLER  SYSTEM 


TRAINS  YOU  TO  MEET  NEW  CODE  SPEED  REQUIREMENTS 

Obtain  Your  Amateur  or  Commer¬ 
cial  License  in  Usual  Time  With 


The  New  Candler  System  Training 


You  Can  Learn  Code  RIGHT,  from  the  beginning  as  you  will  be 
using  it  on  the  air,  or  obtain  your  commercial  license  and  qualify  for  a  good 

job  by  taking  CANDLER  TRAINING  in 
your  own  home,  as  McElroy,  Jean  Hudson, 
McDonald  and  many  others  have  done  and 
are  doing.  It  is  surprisingly  easy  and 
inexpensive. 


It  takes  more  than  merely  the  sending  and 
receiving  of  code  to  become  a  skilled  radio- 
telegrapn  operator.  The  New  CANDLER 
SYSTEM  teaches  you  quickly  the  tech- 
nique  of  Fast,  Accurate  telegraphing. 


T.  R.  McELROY 


LEARN  AT  HOME 

To  Read  Code  al  High  Speeds 


Official  Champion  Radio  Operator , 
Speed  75.2  wpm.,  won  at  Asheville 
Code  Tour  nament  Jttly  2,  1939,  says: 
“My  skill  and  speed  are  the  result  of 
the  excluaive,  scientific  training  Wal  ter 
Candler  gave  roe.  Practice  is  necessary. 
but  without  proper  training  to  develop 
Concentraiion,  Co-ordination  and  a 
keen  Perceplive  Sense,  practice  is  of 
little  value.  One  likely  will  practice 
the  wrong  wa y.“ 


JEAN  HUDSON,  W3BAK 


LiSte  You  Read  Print 

If  you’ve  practiced  and  practiced  with  any 
kind  of  practice  set,  but  can’t  get  over  the 
"hump”  that  seems  to  be  your  limit  —  don’t 
be  diseouraged.  Thousands  of  skilled  operators 
have  had  the  same  experiencc.  Some  thought 
they  were  dumb;  others  thought  they  weren’t 
"gifted."  But  you  should  see  those  fellows  to- 
dayl  They  can  send  beautiful  code  and  copy 
fast  press  4  to  8  words  bebind  without  conscioua 
effort  or  strain.  Those  fellows  have  Automatic 
Sound  Consciousness  —  and  they  got  it  tbrough 
CANDLER  Training! 

No  Expensive  Practice  Sets 
Needed  for  Candler  Training 

Learning  to  Send  and  Receive  Code  Rapidly, 
skilfully  ia  a  Mental  Process  that  requires  Mind 
Training  sucb  as  only  CANDLER  can  give  you. 
Practice  of  any  kind  without  this  Specialized 
Training  is  libe  trying  to  learn  electricity  with¬ 
out  a  knowledge  of  Ohm's  Law.  CANDLER 
shows  you  the  easy,  interesling  way  to  Speed, 
Skill,  and  that  Amateur  or  Commercial  License 
in  half  the  usual  time. 

CANDLER  SYSTEM 


At  the  age  of  9,  after  taking  Candler 
code  training,  Jean  won  the  cham- 
pionahip  in  Class  E,  at  Chicago  World 's 
Fair. 


Box  33 i 9  Dept.  LM-40 

ASHEVILLE,  N.  C-,  U.S.A, 


L.  R.  MCDONALD,  W8CW 
At  the  Asheville  Tournament  copied 
75  wpm.  McDonald  says:  “Without 
Candler  scientific  training  and  spe¬ 
cialized  practice,  I  could  never  have 
made  ray  record  of  75  wpm.  Candler 
fundamental  training  is  necessary  to 
speed  and  skill." 


Champion  Jean  at  the  age  of  14 

when  ahe  won  the  championship  in 
Class  B  at  the  Asheville  Code  Tourna¬ 
ment. 


SEND  FOR  THIS  FREE 


BOOK  OF 
FACTS 

It  gïves  you  the 
story  of  the  cham- 
pions  and  many 
inside  tips  that 
will  help  you.  It 
is  FREE.  a  pos¬ 
tal  will  bring  it 
tp  you.  No  ob- 
ligation. 
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B*W  TYPE  CX 

§  m  VARIABLE  AIR 
CONDENSERS 

Improved  in  Design!  Sturdier  in  Con- 
struction!  The  Practical  Basis  for  a 
Symmetrical  Amplifier  Tank  Circuit! 

LOOK  AT  THESE  FEATURES t  •  •  •  (1)  Improved,  sturdy  construc- 
tion,  employing  heavy  nickel-plated  end  plates,  (2)  Heavy,  highly  polished 
aluminum  plates  with  well-rounded  edges  ïncrease  breakdown  voltage.  (3) 
Alsimag  196  insulation  throughout.  (4)  Built-in  neutralizers.  (Optional.)  (5) 
Built-in  coil  mounting.  (Optional.) 

★  High  maximum-to-minimum  ratios.  ★  Improved  basic  design  shortens  and  even 
eliminates  some  leads.  ★  Absence  of  tie-bars  prevent»  short-circuited  loops. 

★  Large  brush  and  disc  self-wiping  rotor  contact.  ★  Short,  heavy  rotor  reduces 
r-f  path.  ★  Only  half  the  length  of  conventional  dual  condensers.  ★  Perfect  physi- 
cal  and  electrical  symmetry.  ★  Extremely  compact.  ★  A  complete  amplifier  plate 
circuit  assembly.  ★  Stock  types  available  In  0.500"  and  0,250"  plate  spacing. 

★  Special  types  obtainable  on  order. 

B&W  TYPE  CX  VARIABLE  AIR  CONDENSERS  are  available  at  your  local 
jobber 's.  Literature  giving  complete  technical  Information  and  prices  is  in  prepara- 
tion  as  the  Radio  Amateur'»  Handbook  goea  to  preaa.  Write  for  your  copy. 


BS  W  100- WA  TT,  S-BAND  TURRETS 

BCL — Center  Linked,  Center  tapped  Coils.  BEL  —  End  Linked  Coils 
These  B&W  100-Watt  Turrets  set  new  highs  in  fast,  positive  band  switching  on 
the  10-  to  160-meter  banda.  Equal  in  efficiency  to  the  best  individual  plug-ïn  coil 
syatems,  yet  extremely  compact  —  7  W'  high;  7H""  wide;  depth  behind  panel, 
4W'>  shait  extension,  1".  Tbey  may  be  used  with  tubes  operating  at  1,000  to 
1,250  volts  and  a  maximum  input  power  of  165  watts.  Each  unit  comes  complete 
with  frequency-marked  dial  plate,  lockwasher  and  nut.  It  may  be  mounted 
directly  on  the  panel  in  a  single  M"  hole.  Amateur  net.  . . $8.54  each 

B&W  BAND  SWITCHING  ASSEMBLIES 

B&W  "BAND-HOPPERS”  (25  o  rui  B&W  “BABY"  TURRETS  (25  Watt 

50  Watt  Rating).  These  reliable.  prac-  Rating).  Compact,  practical  5-band 
tical  units  are  now  available  in  two  switch  units  for  low- power  tranamitters 
compietely  redesigoed  „mts  .  im-  JSSS.  l"' 

proved  throughout.  Cover  aïl  five  cl usive  B&W  design  assurea  permanent 
bands,  yet  require  very  littJe  space.  cotl  alignment  and  maximum  efficiency 
Panel  control.  with  a  minimum  number  of  tubes, 

MODEL  2A  —  (25  Watt  Rating)  —  BTCL,  Center  Linked.  BTEL,  End 
For  interstage  couplïng  with  beam  Linked. 

power  tubes . f3.25  net  Amateur  Net,  any  type . $5.25 


BTCL 


MODEL  B  TURRET 
100  Walt  rating.  For  rapid  3-bandaeIec 
tion  from  front  of  panel.  Net  Price  (les« 
coils) . $7.54 


B&W  LOW-POWER  COILS 


B&W  “BABIES”  (25  Watt  Rating). 
Ideal  unita  for  crowded  layouts,  porta¬ 
bles  and  field  tranamittera.  Made  by  nn 
exclusive  B&W  process  which  assures 
maximum  ruggednesa,  uniform  air- 
spacing  and  excellent  appearance  in  an 
amazingly  small  coil.  Their  25-watt 
rating  ia  very  conaervative. 


B&W'  “JUNIORS”  (75  Watt  Ral - 
ing).  JUNIORS  far  aurpass,  in  rugged¬ 
nesa  and  efficiency,  most  of  the  larger, 
more  bulky  coila  of  comparablo  rating, 
Desi&ned  for  optimum  performance  m 
oscillator,  buffer,  or  amplifier  stages 
operating  at  input  powers  up  to  75 
watts  and  plate  voltage  to  850  volta. 


160  M  MC  MEL  MCL  82  100 

80  M  MC  MEL  MCL  44  48 

40  M  MC  MEL  MCL  14  35 

20  M  MC  MEL  MCL  4.2  28 

10  M  MC  MEL  MCL  1.1  28 


Amateur  net  —  each . $1 ,44 

Any  type,  Jess  base . 85 

5-prong  Alsimag  Base . 35 

*  Total  effcctive  capacity  req  ui  red  to  effect 


Amateur  Net  Price 


Export  Address 


|  Fixcd 

Fixed 

V  ar  iabU 

Band  End 

Center 

Center 

*Cap. 

Linked 

Linked 

Linked 

MMfd. 

B&W  VAR1ABLE 
LINK  ASSEMBLIES 


TYPE  HDVL  •  1  K.W.  RATING 


Inducta  nee 

*Capacity  Wire 

Outside  Plug 

Net 

Type 

\t  icrohenrys 

MMfd. 

Stee 

Dia. 

Centers 

Price 

I60HDVL 

94.0 

90 

14 

3H" 

7  W 

*5,25 

80HDVL 

47 .0 

44 

10 

3H" 

7H" 

4.50 

40HDVL 

18.0 

28 

8 

3  34" 

7M" 

4.00 

20HDVL 

5.2 

25 

8 

3  34" 

7H" 

a.75 

10HDVL 

1.3 

25 

4 

2H” 

7W' 

3.25 

HDV  Base  Assembly . 

TYPE  TVH 

•  500 

WATTS 

RATING 

160TVH 

90 

90 

16 

IW 

6" 

$2.85 

80TVH 

40 

50 

14 

2W 

6" 

2.85 

40TVH 

16 

32 

12 

2Ü" 

6" 

2.85 

20TVH 

5.7 

22 

12 

2W" 

6" 

2.85 

10TVH 

1.35 

22 

6 

2H" 

6" 

2.85 

TVH  Base  Assembly . 

TYPE  TVL 

•  250 

WATTS 

RATING 

160TVL 

94.0 

90 

18 

2  W 

5" 

*2.25 

80TVL 

38.0 

55 

14 

2  M" 

5" 

2.15 

40TVL 

15.0 

34 

12 

2M" 

5" 

1.90 

20TVL 

4.6 

28 

12 

2W' 

5" 

1.65 

10TVL 

1.5 

22 

6 

2  11/16" 

5" 

1.60 

TV  Base  Assembly . 

TYPE 

BVL 

*  100 

WATTS 

RATING 

160BVL 

80 

100 

20 

2JY' 

3%" 

*2,10 

80BVL 

38 

50 

16 

2  W 

3W 

1.90 

40BVL 

13 

40 

14 

2H" 

iW 

1.65 

20BVL 

4.8 

25 

14 

234" 

2  " 

334" 

1.45 

10BVL 

2 

25 

8 

3H" 

1.40 

5BVL 

0.5 

25 

8 

IJ4" 

3  M" 

1.35 

BV  Base  Assembly . 

.  .2.50 

B&W  ANTENNA  COILS 


TYPE 

HDA  —  2  K.W. 

RATING 

TYPE  TA 

—  650 

WATTS  RATING 

160HDA 

94.0 

90 

14 

3W 

7  W 

*6.25 

80HDA 

40.0 

50 

10 

3H" 

5.50 

40HDA 

15.0 

35 

8 

3W 

7  3^" 

5.00 

20HDA 

4.2 

29 

8 

3  " 

7 

4.75 

10HDA 

1.3 

25 

4 

2W’ 

7  34" 

4.25 

160TA 

80 

100 

16 

2M" 

5" 

2.85 

80TA 

35.0 

60 

14 

2M" 

5" 

2.65 

40TA 

13.5 

38 

12 

2H" 

5" 

2.40 

20TA 

4.3 

30 

12 

2W‘ 

5" 

2.15 

10TA 

1.3 

25 

12 

2K" 

5" 

2.10 

A68  —  Pi -Xetwork  Coil  Complete  with  Clip.  . $1.85 

B«W  STANDARD  AND  FIXED  LINK  COILS 


TYPE  HD  AND  HDL  ■ 

1  K.W.  RATING 

Standard 

Net 

Link cd 

Net 

Inductance  *Capacitv 

Wire 

Outside  Plus 

Type 

Price 

Type 

Price 

M  icroh  ertrys  M  Alf d. 

Size  Diameter 

Centers 

160HD 

$4.25 

160HDI, 

$6.25 

94.0 

90 

10 

5" 

7  34" 

80HD 

3.50 

S0HDL 

5.50 

40.0 

50 

10 

334" 

7  34" 

40HD 

3.00 

40HDL 

5.00 

15.0 

35 

8 

3  34" 

7  34" 

20HD 

2.75 

20HDL 

4.75 

4.2 

29 

8 

3” 

7  34" 

10HD 

2.25 

1011  DL 

4.25 

1.3 

25 

4 

2” 

7  W 

TYPE  T 

AND  TL  •  500 

WATTS  RATING 

1 60T 

$1.85 

160TL 

$2.85 

74.0 

115 

12 

5" 

5" 

80T 

1.65 

80TL 

2.65 

35.0 

60 

12 

334" 

5" 

40T 

1.40 

40TL 

2.40 

13.5 

38 

12 

234" 

5" 

20T 

1.15 

20TL 

2.15 

4.3 

30 

12 

2  34" 

5" 

10T 

1.10 

10TL 

2.10 

1.3 

25 

12 

2" 

5" 

TYPE  BX 

AND 

BXL  •  250  WATTS  RATING 

160BX 

$1,80 

160BXL 

$2.80 

84.0 

100 

14 

4" 

4" 

80  BX 

1.60 

S0BXL 

2.60 

37.0 

54 

14 

3" 

4" 

40  BX 

1.35 

40BXL 

2.35 

10.0 

51 

14 

2  34" 

4" 

20BX 

1.10 

20BXL 

2.10 

2.8 

45 

14 

2" 

4" 

10BX 

1.05 

I0BXL 

2.05 

1.0 

35 

12 

2" 

4" 

TYPE  B 

AND 

BL  :  100 

WATTS  RATING 

160  B 

$1.75 

160BL 

*2.50 

78.0 

110 

18 

234" 

334" 

80  B 

1.55 

80  BL 

2.30 

39.0 

52 

16 

•> 

3H" 

40B 

1.30 

40BL 

2.05 

12.0 

43 

14 

2" 

334" 

20B 

1.05 

20BL 

1.80 

3.0 

40 

14 

2" 

334" 

10B 

1.00 

10BL 

1.75 

1.1 

28 

12 

2" 

3M" 

B«W  UNMOUNTED  COILS 

No.  1  ■ —  2J4"  Dia.,  10"  l^ength,  6  turaa  per  inch,  No.  12.  Net  Price.  ......  ,$1.50 

No.  2  —  2  34"  Dia.,  10"  Len^th,  8  turns  per  inch,  No,  14,  Net  Price .  1.50 

No.  3  —  2**  Dia..  10"  Length.  10  turas  per  inch,  No.  16.  Net  Price. . . .  1.50 


resonance  on  low  frequcncy  end  of  specified  band. 


ILLIÜMSON 

'AL  NATIONAL  CO.,  89  Brood  St.,  New  York,  N.  Y. 


HANDBOOK 

r 522 1 

I  CATALOG  I 

lskction  -» 

1 - 

T o  Manufacturers  of 

Products  EJsed  in  Short-Wave 
Radio  Communication 

The  Radio  Amateur’s  Handbook  is  the  world’s 
Standard  reference  on  the  technique  of  short-wave 
radio  communication.  Now  in  its  eighteenth  annual 
edition,  it  is  universally  used  by  radio  engineers  as 
well  as  the  thousands  of  amateurs  and  experimenters 
for  whom  it  is  published.  Year  after  year,  each 
succeeding  edition  has  sold  more  widely  than  its 
predecessor,  until  the  Handbook  now  has  a  world- 
wide  annual  distribution  in  excess  of  sixty-five  thou- 
sand  copies  of  its  English  and  Spanish  editions.  To 
manufacturers  whose  integrity  is  established  and 
whose  products  meet  the  approval  of  the  American 
Radio  Relay  League  technical  staff,  we  offer  use  of 
space  in  the  Handbook’s  Catalog-Advertising  Section. 

Testimony  to  its  effectiveness  is  the  large  volume  of 
advertising  which  the  Handbook  carries  each  year.  It 
is  truly  the  Standard  guide  for  amateur,  commercial 
and  government  buyers  of  short-wave  radio  equip- 
ment.  Particularly  valuable  as  a  medium  through 
which  complete  data  on  products  can  be  made  easily 
available  to  the  whole  radio  engineering  and  experi- 
menting  field,  it  offers  a  surprisingly  inexpensive 
melhod  of  producing  and  distributing  a  creditable 
catalog,  accomplishes  its  production  in  the  easiest 
possible  manner,  and  provides  adequate  distribution 
and  permanent  availability  impossible  to  attain  by 
any  other  means.  We  solicit  inquiries  from  qualified 
manufacturers  who  wish  full  data  for  their  examina  - 
tion  when  catalog  and  advertising  plans  are  under 
consideration. 

ADVERTISING  DEPARTMENT  .  .  . 

American  Radio  Relay  League 

WEST  HARTFORD,  COUÏNECTICUT 


Above:  Midget  Composition- 
lenient  Conlrcd  and  Plug-In 
Resistor  Tube.  Contro!  reflects 
latent  developmcnts  and  refine- 
tncnls.  Comparative  tests  in¬ 
vite»].  Ad-A-Swltch  permits  use 
nritb  or  without  power  switch. 
1000  ohms  to  5  inegohms.  Choiee 
of  lopers.  A  Plug-In  Resistance 
Tube — an  original  Clarostat 
development  —  provides  ideal 
voltagc-divider  network  in  mini¬ 
mum  bulk. 


t.  ltadically  (interent, 
resistance  wire  .wound 
on  insulated  aluminum  strip 
and  irabedded  in  cold-setting 
inorganic  cement.  Ccramic  cas- 
ing.  Crapliitcd-copper  shoe.  Tri- 
pod  rotor.  Smoolh.  posi  live  oper- 
ation.  Comparative  tests  invited. 
25-watl  rating.  Popular  resist¬ 
ance  valucs. 


A  Above:  Widest  choice  of  volt- 
agc-dropping  resistors  and  bal- 
lasts.  Here  showii  is  a  typical 
Clarostat  job  —  a  g«nera!-utility 
75-watt  line-vol  thge-dropping 
resistor  with  plug-in  cord  and 
Edison  female  receptacle.  Claro¬ 
stat  üne  hallas  te  regulate  np- 
plied  voltage  within  narrow  lim¬ 
it»  despite  wide  linc-voltage 
fluctuations. 


★  Righ  t:  Wire- Wound  Controls 
identical  to  those  used  by  U.  S. 
Govt.,  Bell  Labs.,  G.  E.,  NBC, 
Columbia,  Crosley  and  other 
critieal  buyers.  Thoroughly  de- 
pendahle  rheostats  or  potenti- 
ometers  for  delicate  control  pur- 
poscs  vet  capable  of  handling 
considerablc  current.  Ad-A- 
Switch,  1  to  100.000  ohms.  AU 
tapers.  Dual  and  triplo  types; 
faders;  L-pads,  T-pads,  mixers, 
etc. 


A  Left:  For  distortionlcss  con¬ 
trol  of  loud-speaker  volume, 
Clarostat  offers  Constant-lm- 
pedauce  Output  Attcmiators  in 
the  25- watt  "(Series  CIA,  illus- 
trated)  and  10-watt  (Series  C1B) 
ings.  Dlssipate  full  wattage  at 
setting.  Stock  ohmages:  8, 
15,  50,  200.  250  arid  500.  Ijtrger 
unit  come»  with  or  without 
power  switch. 


A  Greenohms  —  superior  inor- 
ganic-ccmcnt-coated  power 
resistors  in  the  charaeteristie 
green  finish  — are  now  fóund  iu 
the  very  finest  asscmhlies.  Check 
this  statement  for  yourself!  10  to 
200  watts.  Fixed  or  adjustablc 
( Right ).  Also  in  Non-Inductire 
Series  Z  ( Left )  in  10-,  25-,  50-  and 
100- walt,  all  popular  resistance 
values. 


‘ 


★  Ask  your  local  supplier 
for  those  Clarostat  items 
you  need  Ask  for  latest 
litcraturc  Or  write  us  direct 


C  Lfl  ROST A  T/  / {aniline tuh, l/iy  Gx 


/nc. 


285-287  MORTH  SIXTH  STREET 
RROOKIY, V,  XEW  YORK,  l/.S-A. 

•  OPFICES  IN  PRINCIPAL  ClTIES  • 


Maniifaclured  hy 


AUTOMATIC  EQU1PMENT  lo,  TRANSMITTING  and  RECEIVING 

Write  for  ihe«t  describing  Mac’s  astounding  device  which  automatically  keys  iocal  oscillator  or  another  trans  mi  tier  on  th«  incoming  signal,  It  Is  positlvoly 
•maxing!  RETRANSMITTER,  Model  No.  1 400,  $75.00  net  to  operator  compfete,  nothing  else  to  buy. 


MAC  AUTO 

Relay  for  external  keying  is  actuated 
by  RCA-923  photo  tube  in  cir¬ 
cuit  using  two  117Z6GT  and  one 
117N7GT.  Employs  ordinary  ink 
recorder  slip.  Ëach  roll  of  slip  runs 
about  one  solid  hour  at  20  words  per 
minute.  Slip  is  on  400'  lómm.  reels. 

MODEL  PCT81  IA  at. . .  $29.50 

Variable  speed  tape  puller  for  either 
Auto  or  Recorder. 

MODEL  CTP1 300a»....  $29.50 


MASTER  TONE  SOURCE 

Designed  for  Government  radio  op¬ 
erator  schools.  Finest  combined  audio 
oscillator  and  amplifier  currently 
economically  availaole.  About  ten 
watts  output.  Tone  control;  volume 
control.  Output  may  be  Iceyed  by  any 
number  of  keying  devices  for  any 
number  of  groups  of  student  head- 
phones. 

MODEL  G-700a» .  $29.50 


MAC  RECORDER 

Commercial  quality  ink  recorder  for 
direct  coupling  to  radio  receiver. 
Equipped  with  heavy  pen  for  de- 
sired  black  line  for  running  through 
Mac  Auto  if  desired.  Perfect  record- 
ing  speeds  beyond  200  wpm.  Model 
RRD900.  Lower  priced  model  AR900 
turns  out  excellent  slip  direct  from 
receiver  or  by  Iocal  keying  but  good 
only  for  about  50  wpm. 

MODEL  RRD-900  a». . . .  $75.00 
MODEL  AR-900  a» . $29.50 


WR1TE  ME  FOR  COMPLETELY  DESCRIPTIVE  MIMEOGRAPHED  SHEETS  ON  ALL  ITEMS 


GOVERNMENT  SCHOOL  TYPE  COMPLETE  UNITS  G813  AND  G913  @  $75.00  EACH 


G-813  consists  of  the  PCT811A  and  CTP1300  with 
motorized  take  up  reel,  all  mounted  on  one  base. 
G913  consists  of  the  AR900  and  CTP1300  with  motorized 
take  up  reel,  likewise  all  mounted  on  one  base.  Ink 
recordings  of  student  sending  made  with  G913  may  be 
run  through  G813  to  correct  errors  and  improve  sending. 
65  rolls  of  practice  slip  for  G813  immediately  available, 
each  roll  runs  one  hour  at  20  wpm.  Rolls  51  to  65  are 
U.  S.  Army  training  rolls  and  highly  desirable  for  Army, 
Naw  or  NYA  schools.  Rolls  SI .00  each. 


•  The  Amazing  OSCILLATONE 


More  than  10,000  oscillators  built 
for  operators  during  the  past  four 
years  and  one  improvement  after 
another  has  finally  culminated  in  a 
genuine  masterpiece. 

•  Beautiful  plastic  cabinet  devel- 
oped  by  tne  same  artist  who  de¬ 
signed  the  "Super  Stream-speed.” 


•  AC-DC  operation. 

•  Complete  with  built-in  repro- 
ducer. 

•  Toggle  switch  gives  choice  of  low 
or  high  volume. 

•  Choice  of  600  or  1000  cycle 
note. 


Truly  an  outstanding  piece  of  equipment  that  belongs  on 
every  operator’s  desk. 

MODEL  No.  S700-NET  TO  THE  OPERATOR  *5.95  Us^ViSntGT 


OSCILLAFONE  MODEL  No.  CR-709  ®  $2.85  ne»  to  »he  operator. 
An  exceptionally  fine  quality  speaker  designed  expressly  for  key-ciickless 
dots  and  dashes.  Housed  in  this  same  pretty  plastic  cabinet. 


RADIO  TKLKUKAPH  APPARATIIS 


Manufaclured  bv 


NEW 
SUPER 

STREAM-SPEED 


S-600-PC  s-\  \  pc 

Platinum  Contact*  •  I  .O  J 

S- 600- SC 

Silver  Contact s 


9.50 


ing  ability  in  the  radio-telegraph  industry  .  .  .  with  their 
combined  efforts  coordinated  under  the  styling  genius  of 
one  of  America's  outstanding  design  artists.  See  it!  Handle 
it!  You'll  have  to  own  it!  Combining  beauty  and  utility  in  a 
most  striking  fashion,  this  radfcally  new,  semi-automatic  key 
is  the  last  word  in  operating  ease.  Fast,  rhythmical  Morse 
is  a  real  pleasure  with  this  key. 

•  Streamlined  base  of  special  dense  alloy.  Wt.  4  Ibs. 

•  Tear-drop  shaped  base  makes  it  immovable  on  table, 

•  Heavily  chromed  with  bluish  tinge  to  prevent  glare. 

•  Stainless  steel  coil  springs  and  hearings. 

•  Beryllium  copper  mainspring  and  U  spring. 

•  Bronze  bearing  screws. 

•  Bronze  alloy  pigtail. 


Into  this  gorgeous  speed  key  has  gone  Mac's  30  years  •  8akelite  insulation  throughout. 

operating  experience  supplemented  by  the  finest  engineer-  •  Molded  plastic  dot  paddle  and  dash  button. 


PROFESSIONAL  MODEL,  MAC  KEY 


MODEL 
No.  P500 

*7.50 

NET  TO  THE 
OPERATOR 


Designed  to  conform  with 
United  States  Navy  speci- 
fications  for  "speed  key.” 

It  is  just 
what  its 
name  im- 
plies:  A 
fine  Pro¬ 
fessional 
Opera- 
tor’s  model 
Mac  Key. 
Base  334" 
x  6W'  x 
W  tnick- 

ness.  Beautifully  black  wrinkled  over 
Parkerized  base  casting.  Carefully  de¬ 
signed  super-structure,  similarly  finished. 


Chromed  Parts,  circuit  closer,  bakelite  insulation,  3/16"  silver  contacts.  A 
key  that  wil I  thrill  any  radio  or  ielegraph  operator. 


AMATEUR  MODEL,  SPEED  KEY,  A-400  ©  $5.95 

A  genuine  commercial  or  amateur  radio  operators*  speed  key  of  such 
quality  that  you'll  flnd  it  difücult  to  realixe  the  price  is  10  low. 


DELUXE  MODEL,  STREAMKEY 


No.  300 
at  $2.85  net 

No.  200 
at  $1 .80  net 

No.  100 
at  $1 .00  net 


Beautiful  tear-drop  streamlined  base  with  heavy  bluish 
tinged  chrome.  All  parts  chromed.  Finely  balanced  key 
lever.  3/16"  contacts,  designed  expressly  for  these  keys. 
These  pretty  Streamkeys  have  a  "feel”  that  makes  good 
Morse  easy  for  any  operator.  BB-300,  ball  bearing  balanced 
lever;  BS-300,  bronze  bearing  screws.  Same  price. 


PROFESSIONAL  MODEL,  same  Icey  but  base  *  black  wrinkled.” 
BB-200  or  BS-200  same  price.  AMATEUR  MODEL,  nearly  the  same  key, 
that  is,  using  same  lever  and  contacts.  Pretty  plastic  base,  cadmium  parts. 
Bronze  bearins  screws-  Stock  depleted  and  deliveries  stop  January.  New 
S-100,  metallized  seeper-plastic,  at  $1.35  will  replace  this  100. 


AC-DC  AUDIO  OSCILLATOR  Battery  Powered  AUDIO  OSCILLATOR 


MODEL  No.  A-700  $o  gg 
Net  to  Operator 

Minus  Tube 
Uses  117N7GT 

An  oscillator  fully  as  good  as  my 
amazingly  good  Oscillatone,  ex- 
cept  smaller  housing  because  no 
speaker.  Electronically  keyed 
which  means  limitless  speed  and 
clean  keying.  Uses  110  to  120 
volts,  either  AC  or  DC.  Connect 
jumper  wire  across  two  rear 
terminals  for  speaker  volume. 
Terminals:  2  right  for  key,-  2  left 
for  headphones. 


1.80 


MODEL  No.  B-700  $ 

Net  to  Operator 

Minus  Tube  and  Batteries 
Uses  1Q5GT 

Same  pretty  plastic  cabinet  as 
Model  A-700.  A  remarkably 
good  audio  oscillator  giving  a 
beautiful  clear  1000  cycle 
note.  Uses  V/%  volt  for  A 
battery  and  SS1/?  volts  or  45 
volts  B  battery  depending 
upon  volume  desired.  Termi¬ 
nals:  2  right  for  key;  2  left  for  phones  or  speaker.  Rear 
terminals,  left  to  right:  B  plus,  B  minus;  A  plus,  A  minus. 


100  BROOKLINE  AVENUE 


BOSTON,  MASS. 


HANDBOOR 

f  526  -) 

CATALOG  I 
L  srction-* 


I 

4 

4 

I 

4 

I 

I 

4 

4 

4 

4 

4 

4 

4 

\ 

4 

4 

4 

4 

4 


IQueridos  Senores! 


"THE  RADIO  AMATEUR’S  HANDBOOK”  se 

puede  ahora  conseguir  en  lengua  espanola  traducido 
por  la  Revista  Telegrafica  de  Buenos  Aires,  Argen¬ 
tina,  reconocida  como  la  mas  antigua  establecida  y  la 
mas  importante  publicación  de  literatura  de  Radio  en 
Sudamérica. 

El  “Handbook”  (libro  manual)  esta  reconocido 
como  el  libro  modelo  en  su  clase.  El  por  tanto  tiempo 
esperado  y  sugestionado  libro  manual  (Handbook) 
estamos  seguros  que  su  edición  en  espanol  encontrara 
una  acogida  extraordinaria.  Ha  sido  cuidadosa  y  es- 
crupulosamente  traducido.  Ha  sido  impreso  en  una 
imprenta  que  esta  reconocida  como  la  mejor  de 
Sudamérica. 

Nosotros  estamos  orgullosos  del  hecho  que  la  Revista 
Telegrafica  haya  producido  este  trabajo  y  estamos 
seguros  al  mismo  tiempo  que  es  una  contribución 
notable  para  la  literatura  técnica  en  la  lengua  espanola. 

Se  pueden  conseguir  ejemplares  en  “The  A  merican 
Radio  Relay  League,  West  Hartford,  Connecticut, 
U.  S.  A."  a  Sl.50  cada  ejemplar,  franco,  o  si  es  mas 
conveniente  directarhente  de  la  Revista  Telegrafica, 
Peru  165,  Buenos  Aires,  Argentina,  a  cinco  pesos,  en 
moneda  argentina. 
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BIRNBACH  for  A 

CABLES-WIRE-CERAMICS  -ÏÜSÏ: 


TRANSMISSION  CABLES 


Genuine  E01  Cable  *11  hiidls  an  te 
1  KW.  2  Mts.  12  Cenducters  72  ohms 
surft  Impedatce  with  weaiherpretl 
biad  overall  witli  nica  finish. 


72  thms  impedance.  Na.  14  saNd  een- 
ducters  willi  rubber  jacket  and  weath- 
erprttl  krdfl  overall.  The  Heest  Iwisted 
pair  transmissiën  cable  made  Ier  ultra 
N(h  frequency  «ork. 

72  ehm  all  rubber  wealberpreel.  2  Ne. 
16  slranded  Ier  F-M  and  TeletdtiM 
Reteiverand  Mester  Anlertnia  Syelents. 


MULTI  CONDUCTOR  CABLES 


Rubber  Jacketad  Crystal  micrephene 
cable  havin{  Ie*  lesses  avadlable  in  ] 
sites,  .2711  dia.  and  lapel  types  te  .176 
and  .ISO  dia. 


Shielded  Rubber  Micrephene  Cable 
avaiiable  Iram  2  te  7  cenducters.  Ite- 
shielded  (rem  2  te  0  cenducters.  All 
have  a  leufh  Rubber  Jacket  Overall. 


Oattery  cable  in  2  le  10  cenductar  avaü- 
able  in  I  types.  Cetten  braid,  sidtlded 
overall  and  cetten  briad  ever  sbield. 


Diatbermy  cable  avaiiable  in  heavy  and 
lifht  duty  tefetber  witb  pluft  and 
jacht  Ier  cemplete  assembly. 


FM  AND  TELEVISION  ANTENNAS 

(ADJUSTABLE) 


The  elemenls  censlst  tl  ctrrasitn  praal 
aluminum  alley  tubes  AOJUSTAOLE  te  all 
Irtquendés  belwee»  00  mes.  and  40  mes. 
meunted  en  Idf  b  (rade  law  abserptfee  f  lared 
peecelbin  standen  ins  ul  alert  wNcb  malnlains 
lts  efficiency  ander  all  weatber  ceaditiens. 
Ufbt  but  ruffed  ceestrucdepis  met  by  the 
streef  wenden  supports.  Cemplete  with 
meuntinf  pales  aad  steel  caupünf. 

List 
Price 
J  9.00 
17.00 


Ne. 

140— Doublet 

142— Deublet  with  reflector 


PORTABLE  DOUBLET 

(FOR  TELEVISION  OR  FM) 


An  adjustable  antenna  tbal  caa  be  retated  te  any  defree  el  pelariiatitn.  Aluminn» 
alley  tubinf  perndts  tutdter  nenutinjï.  Special  tapend  lach  busNnfs  held  tacb 
settitn  In  place  sfmply  by  lurnlef  and  pusMnf  dewn. 

Frepuency  Ranfe  In  Mes. 

Ne.  List  Ritte  Open  Telescaptd 

ISO . J3.75 . 02 . 155 

160 . 54.25 . 40 . 75 


CERAMIC 

FEED  THRU  INSULATORS 


INSULATORS 

STANDOFF  INSULATORS 


LUCITE 

FEEDTHRU 


FEEDTHRU 


STANDOFF 


COHE 


A  larf i  selectie*  el  types  el  leed  thre  i  nsulaters  with  bdfbts  bent  H'  te  4  V4'  plaln 
end  wilb  jack  ttps  In  additltn  te  tb»  nnny  retenlly  addtd.  Glaied  lew  «bserytie» 
Ftrcelda,  Steable  and  Ludte  lives  chdca  tl  Insuladtt  Ier  every  appleadea.  All 
ceme  cemplete  witb  (rass  NP  hardware. 


Every  accepted  type  el  standefl  Insnlater  la  a  ranfe  el  bdfbts  Hem  K'  te  4  VS' 
plat  and  with  jach  taps.  Hifhly  dtifed  lew  diserplfe*  flaiad  ptrceiai*  and 
Steable  insnlater  avaiiable  witb  brass  debet  platei  kaadware. 


SEE  YOUR  DEALER  FOR  A  COPY 
OF  OUR  1941  CATALOG 


Antenna  Insvlataru,  Sprvadvri,  Antenna  wtre,  Sockets, 
Hardware,  Test  Leadi,  Jacks  and  Plwge,  Haak  wp  wira, 
and  nwmaraws  ether  items  ara  listed. 
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NATIONAL  DEFENSE 

Although  Our  Part  Is  Very  Small  We  Will  Do 
It  as  Though  the  Entire  Program 
Depended  Upon  Us! 

All  those  of  the  selective  draft  age 
should  prepare  themselves  as  much 
as  possible  and  as  quickly  as  possi- 
ble  to  render  technical  service. 

Radio  telegraphy  rates  high  in 
importance  in  every  phase  of 
national  security. 


ALL 

ELECTRICALLY 
OPERATED 
Jast  Plug  It  In 


MASTER  THE  CODE 
ivith 

MASTER  TELEPLEX 


THIS  TAPE  was  made  on  MASTER  TELEPLEX  by  “Bug"  sending 
YOU  CAN’T  GO  WRONG  WHEN  YOU  CAN  SEE  WHAT  YOU  ARE  DOING! 


THERE  IS  ONLY  ONE  WAY  TO  LEARN  TO  RECEIVE  THE  CODE  SIGNALS 
AND  THAT  IS  BY  LISTENING  TO  THE  SIGNALS.  THERE  IS  ONLY  ONE 
WAY  TO  LEARN  TO  SEND  THE  SIGNALS  PROPERLY  AND  THAT  IS  BY 
BEING  ABLE  TO  SEE  AND  HEAR  YOUR  OWN  SIGNALS. 

WITH  MASTER  TELEPLEX  YOU  LEARN  THE  CODE  IN  THE  NATURAL, 
EASY,  FASCINATING  WAY.  THERE  IS  NO  GUESSWORK  BECAUSE  YOU 
ACTUALLY  SEE  AND  HEAR  WHAT  YOU  ARE  DOING! 

Learning  to  send  PROPERLY  is  more  difficult  than  learning  to  receive.  Most 
peopie  think  sending  is  easy.  Well,  just  ask  the  fellow  who  tries  to  receive  it! 

How  do  you  make  the  letter  “C”?  Of  course  not  like  the  third  one  shown  below. 
But  you  mighc  be  surprised!  Actually;  most  professional  operators  are  astounded 
to  see  their  sending  recorded  on  MASTER  TELEPLEX. 


MASTER  TELEPLEX  will  show  you  exactly  how  you  make  the  letter  “C”  and 
all  the  rest  of  the  characters.  And  it  will  show  you  how  to  make  them  correctly! 

CATALOGUE  QB  EXPLA1NS  FULLY  THE  MANY  INTERESTING  AND 
FASCINATING  FEATURES  OF  MASTER  TELEPLEX.  It  also  lists  three  otber 
types  of  Code  Teaebers.  Just  send  a  Post  card  askin&for  catalogue  QB.  No  obligation. 


TELEPLEX  CO. 


67-69  Park  Place 
New  York  City 


In  Canada  Write  CANADIAN  ELECTRONIC  INST.,  TORONTO,  ONT. 
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FOR  REMOTE 
CONTROL 

RK-34 . $3.50 

RK-62 . $3.50 

A  transmitter  using  one 
RK-34  will  operate  ao 
RK-62  receiver  over 
considerable  distances 
for  conirol  of  model 
airplanes,  boats,  etc. 


HIGH  POWER  - 
HIGH  FREOUENCY 


RK-63 

Triode 

$22.00 


RK-65 

Tetrode 

$34.50 


Tantalum  elements,  heavy 
filaments,  long  life.  Over 
500  watts  from  either  type 
with  only  6  watts  drive  for 
the  RK-65. 


'?,v 

“iv 


GENERAL 

PURPOSE 

RECTIFIERS 

RK-60 . $2.75 

866 . $1.50 

866  now  carries 
10,000  volts  rating.' 
For  man;  lower 
power  requirements 
use  high  vacuum  type 
RK-60. 


TYPE 

RK-20A 

RK-23 

RK-25 

RK-28A 

RK-34 

RK-38 

RK-39 

RK-41 

RK-47 

RK-48A 

RK-49 

RK-51 

RK-52 

*c.c.s. 


Power 

Amateur 

TYPE 

Power 

Output* 

Net 

Output * 

84 

SI  5.00 

RK-56 

12.5 

22 

4.50 

RK-57/805 

215 

22 

3.95 

RK-59 

32 

250 

28.50 

RK-60 

600v-250me. 

16 

3.50 

RK-62 

225 

13.50 

RK-63 

525 

36 

3.50 

RK-64 

10 

36 

3.50 

RK-65 

510 

120 

17.50 

RK-66 

40 

250 

27.50 

866 

Meicury 

25 

1.25 

866A 

Vepor 

170 

135 

6.95 

6.95 

872A 

Rectiflers 

(Continuous  Commercial  Service  Retina.) 


RA 


CHICAGO 
ATLANTA 
NEWTON,  MASS 


LA»Ae«rt^ 


Uk 


TRANSMICA  —  Current-carrying;  High  Q 


High  Voltage  &  Stabilit' 


M  ICROPHONES 

E ACH  SCIENTIFICALLY  DESIGNED, 
BEAUTIFULLY  STYLED  AND 
ENGINEERED  FOR  YOUR  BETTER 
PERFORMANCE  AND  DEPENDABILITY 


V' 


sional 

those  whc 
DYNAh 
W6USA  < 
ohms  or  I 


mikc  i 


*44X  CRYSTAL  „ 

The  13-1 5  DB  different! 
considered  dead  at  r 
finish.  With  7  foot  rei 
*22X  CRYSTAL 
with  90°  Uiting 
from  feedback. 

*22DDYNAf 
9X  CRYSTAL  I 

cost.  Use  as  a  lig 
or  mount  on  de 
chromp  finish.  Built-i 
Use  outside  for  belly-hoo,  i 

List . .. 

9D  DYNAMIC  HAN-D 
200-250  ohms,  500  ohms,  or  hi- 
BX  CRYSTAL  CHALLENC 

work.  Bronze  enamel  finish.  The 
cost  With  7  foot  cable,  List. . . 

BD  DYNAMIC  C  _ 

500  ohms  or  hi-impedance,  List. . . 

MODEL  VT-73  Doublés  your 
frequencies  without  over-modulation. 
risïng  curvature  of  response  be 
telephone  black,  polished  alun 

List . 

*33 X  CRYSTAL  Our  finest 
operation.  Full  Uiting  head,  satin  < 
long  lines  to  be  run  without  frequ 
removable  cable  set,  List. . . . 

33D  DYNAMIC  Same  a. . 
set,  ruggedly  constructed  to  withs 
hi-impedance.  List . . . . 

All  Turner  Models  Listin 
with  Chamoisette 
For  25  Ft.  Cable  Set  wit H  * 

THE  TURNER  CO. 


*  Avsulablc  with  Off-On  Swit 
converta  into  "push-to-fc 


W rite  TODAY  for  FREE  Information 
on  Any  Models  —  Use  the  Coupon 


Nam« 


Address 


City . 

State . . 

Crystala  Ucensed  Under  Patents  of 
The  Btush  Development  Co. 


44X 


33D 


22X  CD 

FILL  AND  MAIL 


The  TURNER  CO. 

Dept.  AH 

CEDAR  RAPIDS,  IOWA 
Flease  send  me  Free  Details 
on  Models . 


Model  327-A 


Model  3S1 


Model  529 


Model  446 


In  Thipi.ett’s  complete  line  of  instruments,  you  can 
always  find  the  answer  to  your  amateur  station  and 
experimental  electrical  measurement  requirements. 
Panel  Instruments  and  portable  types  are  available 
in  more  than  26  case  styles  —  round,  square  and  fan. 
Panel  instrument  sizes  are  from  2"  to  7"  inclusive; 
with  rear  or  front  illumination  optional.  Included  in 
the  line  are  Voltmeters,  Ammeters,  Milliammeters, 
Millivoltmeters,  Microammeters,  R  Meters,  Thermo 
Ammeters,  Decibel  Meters,  Volume  Unit  Meters, 
Electrodynamometer  type  Instruments  and  Instru¬ 
ment  Relays. 

Each  Triplett  instrument  has  two  genuine  sap- 
phire  je  wel  hearings  and  incorporates  every  refine- 
ment  marking  tne  most  approved  instrument 
building  practice.  D.C.  instruments  are  the  D’Arson- 
val  type  with  an  extra  light  moving  coil;  magnets 
with  pole  pieces  aligned  to  permanent  precision 
accuracy;  trussed  metal  bar  bridges.  A.C.  instru¬ 
ments  are  the  movable  doublé  iron  repulsion  type, 
with  interchangeable  coils. 


A  Few  Typical  Bargains 

Models  341  (3"  round),  327-A  (3"  square)  Thermo 
Ammeters  —  Ranges  0-.5,  0-1,  0-1.5,  0-2.5  and  0-5 
Amps.  —  with  interna!  couples  ....  $4.50  net  each 

Models  321  (3"  round),  327-A  (3"  square)  D.C. 
Voltmeters,  1000  ohms  per  volt.  Provided  with  spe¬ 
cial  extemal  metallized  multipliers  on  bakelite  strip. 
Ranges  —  0-1000;  0-1500;  0-2000;  0-2500;  0-3000 
and  0-4000  . $8.67  net  each 

Medels  321  (3"  round)  and  327-A  (3"  square) 
Decibel  Meter.  Standard  range,  up  6,  down  10. 

$7.84  net  each 

(Alt  prins  are  U.  S.  A.  Amateur 's  Net) 

Vocuum  Tube  Voltmeters  and  a  complete  line 
of  radio  lest  equipment  aho  are  amilable. 

Write  for  literature 


DESIGNED  FOR  YOUR  REQUIREMENTS 


This  handy  pocket -size  Volt-Ohm-Milliammeter  is  a  "must”  item  for  every 
ham  shack.  Has  A.C. -D.C.  voltage  ranges  to  5000  Volts,  self-contained,  and  com¬ 
plete  facilities  for  Direct  Current  and  Resistance  analyses.  A.C.  and  D.C.  Volts 
at  1000  Ohms  per  Volt  0—10-50-250-1000-5000  (compensated  copper-oxide 
rectifier  provides  for  A.C.  measurements);  D.C.  Milliamperes  0-10-100-500; 
Resistance  0-300  Ohms,  shunt  type  circuit;  10  Ohms  reading  at  center  scale; 
0-250,000  Ohms,  series  type  circuit,  lligher  resistance  measurements  are  available 
by  using  extemal  batteries.  Selector  switch  for  all  instrument  readings.  Hand  set 
for  resistance  adjustment;  no  need  to  use  screwdriver.  Model  666-H  has  black 
molded  case  and  panel,  completely  insulaled.  Net  Price . $14.50 


Gel  Pealt  Efficiency  with  a  Modulation  Monitor 


You’ve  solved  your  pro- 
blem  of  getting  maximum 
efficiency  from  your  transmitter  when  you  invest  in 
a  Triplett  Modulation  Monitor.  Triplett  engineers, 
workmg  closely  with  radio  amateurs,  have  developed 
this  monitor  exactly  as  you  want  it  —  to  fill  your 
needs  and  fit  your  pocketbook. 

And  .  .  .  better  yet  .  .  .  it  saves  you  money  by 
increasing  your  range  without  the  added  expense  of 
remodeling  your  transmitter.  (Amateur  experience 
has  shown  that  a  properly  modulated  10-watt  rig 
can  be  as  efficiënt  as  a  50%  modulated  40-watt 
transmitter.) 


W rite  for  technical  details 
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HANDBOOK 


Jhe  OFFICIAL 
MAGAZINE  of  the 
AMERICAN  RADIO 
RELAY  LEAGUE 


For  twenty-six  years  (and 
thereby  the  oldest  American 
radio  masazine)  QST  has 
been  the  "bible”  of  Ama¬ 
teur  Radio. 


QST  faithfully  and  adequately  reports  each  month  the  rapid 
development  which  makes  Amateur  Radio  so  intriguing. 
Edited  in  the  sole  interests  of  the  members  of  The  American 
Radio  Relay  League,  who  are  its  owners,  QST  treats  of  equip- 
ment  and  practices  and  construction  and  design,  and  the  ro¬ 
mance  which  is  part  of  Amateur  Radio,  in  a  direct  and  analytical 
style  which  has  made  QST  famous  all  over  the  world.  It  is  essen- 
tial  to  the  well-being  of  any  radio  amateur.  Qsr  goes  to  every 
member  of  The  American  Radio  Relay  League  and  membership 
costs  $2.50  per  year  in  the  United  States  and  Possessions. 
All  other  countries  $3.00  per  year.  Elsewhere  in  this  boo!< 
will  be  found  an  application  blank  for  A.R.R.L.  membership. 


D5T 


.<£• 


Thosc^^^mke  pride  in  the  appearance  of  their  lay-out  and  wish  to  keep  their 
reference  file  of  QST’s  in  a  presentable  manner,  appreciate  the  QST  binder. 
It  is  stiff-covered,  finished  in  beautiful  and  practical  maroon  fabrikoid.  Cleverly 
designed  to  take  each  issue  as  received  and  hold  it  firmly  without  mutilation,  it 
permits  removal  of  any  desired  issue  without  disturbing  the  rest  of  the  file.  It 
accommodates  1  2  copies  of  QST  and  the  yearly  index.  Opens  flat  at  any  page 
of  any  issue. 

With  each  Binder  is  furnished  a  sheet  of  gold  and  black  gummed  labels  for  years 
1922  through  1941.  The  proper  one  can  be  cut  from  the  sheet  and  pasted  in 
the  space  provide^for  it  on  the  back  of  the  binder, 


The  back  coy 
teur  techniq 
issues  is  ali%ac 


Brd 

chnL 


dern  ama- 
lTy  of  most 


A  file  of  several  years  o!  QST,  kept  in  order  ifTbinders,  is  a  most  valuable  ref¬ 
erence  tibrary  lor  any  Radio  Amateur. 

1934  to  1940  copies,  inclusive,  complete,  $2.50  per  yearly  set. 

1925  to  1933  copies,  inclusive,  incomplete.  Available  copies  of  these  years 
furnished  upon  application. 

Ali  single  copies,  25c  each.  Foreign  add  50c  for  each  twelve  copies  ordered. 
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Price 


POSTP  AID 

Available  only  in  United 
Stat»  and  Poiieuion* 


The  Handbook  tells  the  things  which  are  needed  for  a  comprehensive 
understanding  of  Amateur  Radio.  From  the  story  of  how  Amateur  Radio 
started  through  an  outline  of  its  wide  scope  of  the  present  —  from  sugges- 
tions  on  how  to  learn  the  code  through  explanations  of  traffic-handiing 
procedure  and  good  operating  practices  —  from  electrical  and  radio 
fundamentals  through  the  design,  construction,  and  operation  of  amateur 
equipment  —  this  bool<  covers  the  subject  tnoroughly.  It  includes  the 
latest  and  the  best  Information  on  everything  in  Amateur  Radio. 


25c 

POSTPAID 


Universally  recognized  as  the  Standard  elementary  guide  for 
the  prospective  amateur,  How  to  Become  a  Radio  Amateur, 
features  equipment  which,  although  simple  in  construction, 
conforms  in  every  detail  to  present  practices.  The  apparatus  is 
of  a  thoroughly  practical  type  capable  of  giving  long  and 
satisfactory  service  —  while  at  the  same  time  it  can  be  built  at  a 
minimum  of  expense.  The  design  is  such  that  a  high  degree  of 
flexibility  is  secured,  making  the  various  units  fit  into  the  more 
elaborate  station  layouts  which  inevitably  result  as  the  amateur 
progresses.  Complete  operating  instructions  and  references  to 
sources  of  detailed  Information  on  licensing  procedure  are 
given,  as  well  as  a  highly  absorbing  narrative  account  of  just 
what  amateur  radio  is  and  does. 


1  POSTPAID 

si.so  ourstoc 

CONTINENTAL 
U.  S.  A. 

BUCKRAM  SOUND 
S3.S0  POSTPAID 
SPANISH  EDtTION 
SI  .JO  POSTPAID 
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Amateurs  are  noted  for  their  ingenuity  in  overcoming  by  clever 
means  the  minor  and  major  obstacles  they  meet  in  their  pursuit  of 
their  chosen  hobby.  An  amateur  must  be  resourceful  and  a  good 
tinkerer.  He  must  be  able  to  make  a  small  amount  of  money  do  a 
great  deal  for  him.  He  must  frequently  be  able  to  utilize  the  con¬ 
tents  of  the  junk  box  rather  than  buy  new  equipment.  Hints  and 
Kinks  is  a  compilation  of  hundreds  of  good  ideas  which  amateurs 
have  found  helpful.  It  wil I  return  its  cost  many  times  in  money 
savings  —  and  it  will  save  hours  of  time. 


50c 

POSTPAID 

ANYWHERE 


A  comprehensive  manual  of  amateur  antenna 
design  and  construction,  by  the  headquarters 
staff  of  the  American  Radio  Relay  League. 
Eighteen  chapters,  profusely  illustrated.  Both 
the  theory  and  the  practice  of  all  types  of 
antennas  used  by  the  amateur,  from  simple 
doublets  to  multi-element  rotaries,  including 
long  wires,  rhomboids,  vees,  phased  systems, 
u.h.f.  systems,  etc.  Feed  systems  and  their  ad- 
justment.  Construction  of  masts,  lines  and  ro- 
tating  mechanisms.  The  most  comprehensive 
and  reliable  information  ever  published  on 
the  subject. 


50c 
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ANYWHERE 


Before  you  can  operate  an  amateur  transmitter,  you  must  have  a  govern- 
ment  license  and  an  officia 1 1 y  assigned  cal I.  These  cost  nothing  —  but  you 
must  be  able  to  pass  the  examination.  The  examinations  are  based  on  the 
multiple-choice  type  of  questions.  The  "License  Manual"  has  been  writ- 
ten  to  make  it  as  easy  as  possible  for  the  individual  to  acquire  the  neces- 
sary  knowledge  to  pass  the  examination  with  flying  colors.  Whether  you 
are  going  up  for  your  Class  C,  B  or  your  Class  A  ticket,  "The  License 
Manual"  will  provide  the  most  direct  path  to  getting  that  ticket.  If  you  are 
one  of  the  thousands  who  always  wants  a  "License  Manual”  around  the 
shack  for  ready  reference  for  amateur  regulations,  it  will  please  you  to  know 
that  the  regulations  are  very  thoroughly  indexed. 


An  introduction  into  Amateur  Radio-telephony. 
Written  for  the  man  who  has  a  class  C  or  class  B 
license.  A  companion  book  to  "How  to  Be- 
come  a  Radio  Amateur."  Conlains  simple  de- 
scription  of  the  process  of  modulation  and  prin- 
ciples  of  good  design  for  'phone.  Description  of 
inexpensive  low  power  transmitter  and  modu¬ 
lator,  with  complete  operating  instructions  plus 
some  antenna  dope  of  particular  interest  in  160- 
and  10-meter  operation.  It  tells  what  a  new  or 
inexperienced  ham  should  know  before  attempt- 
ing  to  use  ’phone. 


25 * 


postptrd 

anywhere 


A.R.R.L 

Amateur  Radio 
MAP  o ƒ  the  World 


A  map  entirely  new  in  conception  and  design,  contains  every  bit  o f 
Information  useful  to  the  radio  amateur.  A  special  type  of  projection 
made  by  Rand,  McNally  to  A.R.R.L.  specifications.  It  gives  great  circle 
distance  measurements  in  miles  or  kilometers  within  an  accuracy  of  2%. 
Shows  all  principal  cities  of  the  world;  local  time  zones  and  Greenwich; 
WAC  divisions;  230  countries,  indexed,-  180  prefixes,  districts  and  sub- 
divisions,  where  used;  and  U.  S.  examining  points.  Large  enough  to  be 
usable,  printed  in  six  colors  on  heavy  map  paper,  30  x  40  inches. 
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Approximately  200  pages,  90,000 
words,  with  durable  imitation  leather 
red  paper  cover 


Deluxe  edition  bound 
in  blue  cloth 


.00 

POSTPAID 
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Two  Hundred  Meters  and  Down 


The  Story  of  Amateur  Radio 
by  CLINTON  B.  DeSOTO 

A  detailed,  accurate  presentation  in  full  book  length 
of  all  the  elements  that  have  served  to  develop  the 
most  unique  institution  of  its  kind  in  the  history  of 
the  world.  A  book  of  history  but  not  a  history-book, 

TWO  HUNDRED  METERS  AND  DOWN:  The 

Story  of  Amateur  Radio  tells  in  spirited,  dramatic 
fashion  the  entire  chain  of  significant  events  in  the 
development  of  the  art. 


TWO  HUNDRED  METERS 
AND  DOWN 

THE  STORY  OF  AMATEUR  RADIO 


?msimz 


Aware  of  the  practical  bent  of  the  average  ama¬ 
teur  and  knowing  of  his  limited  time,  the 
League,  under  license  of  the  designer,  W.  P. 
Koechel,  has  made  available  several  calcu¬ 
lators  to  obviate  the  tedious  and  sometimes 
difficult  mathematical  work  involved  in  the 
design  and  construction  of  radio  equipment. 
The  various  lightning  calculators  are  ingenious 
devices  for  rapid,  certain  and  simple  solution 
of  the  various  mathematical  problems  which 
arise  in  all  kinds  of  radio  and  allied  work.  They  make  it  possible  to  read  direct  answers  without  strugglinq 
with  formulas  and  computations.  They  are  tremendous  time-savers  for  amateurs,  engineers,  servicemen  and 
experimenters.  Their  accuracy  is  more  than  adequate  for  the  solution  of  practical  problems,  and  is  well 
within  the  limits  of  measurement  by  ordinary  means.  Each  calculator  has  on  its  reverse  side  detailed  in- 
structions  for  its  use;  the  greatest  mathematical  ability  required  is  that  of  dividing  or  multiplying  simple 
numbers.  All  calculators  are  printed  in  several  colors  and  are  wrapped  in  cellophane.  You  will  find 
lightning  calculators  the  most  useful  gadgets  you  ever  owned. 


RADIO  CALCULATOR 

Type  A 

This  calculator  is  useful  for  the  problems  that 
confront  the  amateur  every  time  he  builds  a 
new  rig  or  rebuilds  an  old  one  or  winds  a  coil 
or  designs  a  circuit.  It  has  two  scales  for  physical 
dimensions  of  coils  from  one-half  inch  to  five 
and  one-half  inches  in  diameter  and  from  one- 
quarter  to  ten  inches  in  length,-  a  frequency 
scale  from  400  kilocycles  through  1 50  mega- 
cycles;  a  wavelength  scale  from  two  to  600 
meters,-  a  capacity  scale  from  3  to  1 ,000  micro- 
microfarads;  two  inductance  scales  with  a  range 
of  from  one  microhenry  through  1,500;  a  turns- 
per-inch  scale  to  cover  enameled  or  single  silk 
covered  wire  from  1 2  to  35  gauge,  doublé  silk  or 
cotton  covered  from  0  to  36  and  doublé  cotton 
covered  from  2  to  36.  Using  these  scales  in  the 
simple  manner  outlined  in  the  instructions  on 
the  back  of  the  calculator,  it  is  possible  to  solve 
problems  involving  frequency  in  kilocycles, 
wavelength  in  meters,  inductance  in  microhenrys 
and  capacity  in  microfarads,  for  practically  all 
problems  that  the  amateur  will  have  in  designing 
—  from  high-powered  transmitters  down  to 
simple  receivers.  Gives  the  direct  reading 
answers  for  these  problems  with  accuracy  well 
within  the  tolerances  of  practical  construction. 

£  1.00  POSTPAID 


OHM’S  LAW  CALCULATOR 

Type  B 

This  calculator  has  four  scales: 

A  power  scale  from  10  microwatts  through  10 
kilowatts. 

A  resistance  scale  from  .01  ohms  through 
1 00  megohms. 

A  current  scale  from  1  microampere  through 
100  amperes. 

A  voltage  scale  from  10  microvolts  through 
10  kilovolts. 

With  this  concentrated  collection  of  scale, 
calculations  may  be  made  involving  voltage, 
current,  and  resistance,  and  can  be  made  with  a 
single  setting  of  a  dial.  The  power  or  voltage  or 
current  or  resistance  in  any  circuit  can  be  found 
easily  if  any  two  are  known.  This  is  a  newly-de- 
signed  Type  B  Calculator  which  is  more  accurate 
and  simpler  to  use  than  the  justly-famous  original 
model.  It  will  be  found  useful  for  many  calcula¬ 
tions  which  must  be  made  frequently  but  which 
are  often  confusing  if  done  by  ordinary  methods. 
All  answers  will  be  accurate  within  the  tolerances 
of  commercial  equipment. 

$1.00  POSTPAID 


WIRE  DATA  CALCULATOR 

Type  C 

Makes  instantly  available  information  on  elec- 
trical  conductors  wKich  would  require  hours  of 
work  and  access  to  many  textbooks.  It  has  scales 
for  dia.  in  mills,  Stubbs  and  B&S  wire  gauges, 
current  carrying  capacity  in  milliamps,  turns-per- 
inch  and  turns-per-centimeter  for  all  kinds  of 
insulated  and  bare  wire,  and  a  current-carrying- 
capacity  scale  for  weatherproof  and  rubber- 
insulated  wire.  It  gives  turns  per  sq.  in.,  ft.  per 
lb.,  ohms  per  mi.,  ohms  per  km.,  ohms  per  1 000', 
volts  lost  per  1000'  per  amp.,  current  carrying 
capacity  at  1500  cm.  per  amp.,  Ibs.  per  1000', 
Ibs  per  mi.,  approximate  tensile  strength,  ft. 
and  meters  per  ohm,  circular  mills,  equivalent  in 
sq.  wire.  Nichrome,  manganin,  nickel,  brass, 
aluminum,  copper  and  silver  wires  are  covered 
by  these  scales. 


DECIBEL  CALCULATOR 

Type  D 

With  a  scale  each  for  input  and  output  level  in 
current  or  voltage  or  power,  and  a  transmission 
loss  or  gain  scale  for  either  voltage  or  power 
ratio  plus  and  minus  120  or  60  db.,  this  calcula¬ 
tor  may  be  used  in  determining  decibel  gain  or 
loss  on  four  types  of  problems.  When  input  and 
output  voltages  are  known,  when  input  and  out¬ 
put  currents  are  known,  when  input  and  output 
power  are  known,  or  when  input  voltage  to 
receiver  and  output  level  are  known.  The  decibel 
calculator  gives  an  instant  and  clear  picture  of 
what  a  decibel  is  —  its  relation  to  power  and 
voltage.  Anyone  having  anything  to  do  with 
amplifiers, transmission  lines,directional  antennas, 
etc.,  will  appreciate  this  calculator. 

oOc  POSTPAID 


50c  POSTPAID 


RESISTANCE  CALCULATOR 

Type  F 

This  calculator  makes  an  ohmmeter  of  your 
voltmeter.  With  it,  it  is  possible  to  measure  the 
resistance  of  a  resistor  or  circuit  by  using  any 
voltmeter  with  a  known  voltage  source  of  from 
1  to  300  volts,  such  as  a  “B”  battery.  Has  a 
range  from  1  ohm  to  1  megohm. 

50e  POSTPAID 


PARALLEL  RESISTANCE 
SERIES  CAPACITY 
CALCULATOR 

TypeE 

Solves  easily  an  always  confusing  problem  — 
the  total  effective  resistance  of  two  or  more  re- 
sistors  in  parallel,  or  the  total  effective  capacity 
of  two  or  more  condensers  in  series.  Direct 
reading  answers  for  condensers  or  resistors  of  any 
size.  A  simple  calculator  but  very  useful. 

50e  POSTPAID 


HANDBOOK 


STATION  OPERATING 


LOG  BOOK 


As  can  be  seen  in  the  illustration,  the  log  page  provides  space  for  aii  (acts  peitaining 
to  transmission  end  reception,  and  is  equally  as  useful  for  portable  or  mobile  operation 
as  it  is  for  fixed.  The  38  log  pages  with  an  equal  number  of  blanfe  pages  for  notes,  six 


of  8i/4xn  on  the  operating  b  ,  _ _ 

Numberea  Texts  printed  on  back,  for  traffic  handlers,  is  included  with'  each  book. 
35c  per  book  or  3  books  lor  *1 

' 

OFFICIAL  RADIOGRAM  FORMS 

The  radiogram  blank  is  designed  to  comply  with 
the  proper  order  of  transmission.  AH  blocks  for 
fill-in  are  properly  spaced  for  use  in  typewriter. 
It  has  a  strikingly-new  heading  that  you  will  like. 
Radiogram  blanks,  814  x  7 14-  lithographed  in 
green  ink,  and  padded  100  blanks  to  the  pad, 
25c  per  pad,  postpaid. 


The  operating  supplies 
shown  on  this  page  have 
been  designed  by  the 
A.R.R.L.  Communications 
Department. 


MESSAGE  DELIVERY  CARDS 

Radiogram  delivery  cards  em- 
body  the  same  design  as  the 
radiogram  blank  and  are  avail- 
able  in  two  styles  —  on  stamped 
2c  each; 


HANDBOOR 

543  1 

CATAIXJG 
SECTION  -* 

MEMBERSHIP 


Stationery  and  Emblems  are  avail- 
able  o nly  (o  A.R.R.L.  Memben. 


STATIONERY  1% 

Members’  stationery  is  Standard  8%  x  11  ''bond 
paper  which  every  member  should  be  proud  to  use 
for  his  radio  correspondence.  Lithographed  on  8 x 
1 1  heavy  bond  paper. 

/ 00  S heets,  5©e  250  Sheets , 

500  Sheets ,  $1.75 
POSTPAII> 


i  v  In  the  January,  1920  issue  of  QST  there  appeared  an  edito'rial  requesting  suggestions 
for  the  design  of  an  A.R.R.L.  emblem  —  a  device  whereby  every  amateur  could 
know  hls  brother  amateur  when  they  met,  an  insignta  he  could  wear  proud ly  wher- 
ever  he  went  There  was  need  for  such  a  device.  The  post-war  boom  of  amate 
radio  brought  thousands  of  new  amateurs  on  the  air,  meny  of  whom  were  neig 
bors  but  did  not  know  each  other.  In  the  July,  1 920  issue  the  design  was  announc 


■  the  familiar  diamond  that  greeis 
*  The  Board  of  Directors  at  its  annuai 
>  ‘f  M*e.  For  years  H  has  been  the  uncha 
■  èver  amateurs  gathered,  a  symbol  of 
Amateur  Spirit  —  treasured,  revered, 


i  Ham  Radio  —  adopted  by 
t  with  universal  acceptance  and 
i  of  amateur  radio,  found  whe 
atness  of  that  which 


i'  i 


THE  LEAGUE  EMBLEM,  with  both  gold  border  and 
lettering,  and  with  black  enamel  background,  is  avail- 
able  in  either  pin  (with  safety  clasp)  or  screw-oack  but¬ 
ton  type. 

In  addition,  there  are  special  colors  for  Communica¬ 
tions  Department  appointees. 

•  Red  enameled  background  for  the  SCM. 

•  Blue  enameled  background  for  the  ORS  or  OPS.  i 

(Ked  available  in  pin  type  only.  Blue  may  be  had  in 

either  pin  or  button  style.) 

'HE  EMBLEM  CuT:  A  mounted  printing  electro- 
type,  Ya  high,  for  use  by  members  on  amateur  printed 
matter,  letterheads,  cards,  etc. 


HANDBOOK 


THE  AMATEUR'S  BOOKSHELF 


A  balanced  selection  of  good  technical  books,  additional  lo  the  A.R.R.L.  publications, 
should  be  on  every  amateur's  bookshelf.  We  have  arranged,  for  the  convenience  of  our 
readers,  to  handle  through  the  A.R.R.L.  Book  Department  those  Works  which  we  believe  to  be 
most  usefu  I .  Make  your  selection  from  the  following,  add  to  it  from  time  to  time  and  acquire 
the  habit  of  study  for  improvement.  Prices  quoted  include  postage,  Please  remit  with  order. 

RADIO  THEORY  AND  ENGINEERING 


FUNDAMENTALS  OF  RADIO,  by  R.  R,  Ramsey.  A  rcviston  of  the 
author’s  work  which  ha»  long  been  a  favorite  with  amateurs  and  ex- 
perimcnters.  426  pages,  418  figures,  380  problems.  Second  edition 
1935 . $3.50 


RADIO  ENGINEERING,  byF.B.  Tcrntan.  A  comprchensive  treat- 
mcnt  co  vering  all  phases  of  radio  co  mm  unica  tion.  An  all-around  book 
for  students  and  engineers,  813  pp.  475  illustrations.  2nd  Edition. 
1937 . . $5.50 


ELEMENTS  OF  RADIO  COMMUNICATION.  by  Prof.  J.  H. 
Morecroft.  By  the  author  of  the  wcll-known  “Principles."  Itis  about 
half  the  size  of  the  largcr  work.  and  the  subject  is  treated  in  a  more 
eleinentary  fashion.  Simple  algebra  is  sufïïcjent.  An  excellent  book 
for  the  “first-year"  student,  286  pages,  170  illustrations.  Second 
edition,  1934 . $3.00 


PRINCIPLES  OF  RADIO,  by  Keith  Henney.  This  book  is  chock- 
full  of  muat  for  the  experimenter.  The  subjects  treated  range  from 
the  fundauientalsof  eïectricity  to  the  modern  concepts  of  modulation 
and  dctcction.  495  pp.,  311  illustrations.  3rd  Edition,  1938.  .  .  .$3.50 


COMMUNICATION  ENGINEERING,  by  W.  L.  Ever i ft.  A  general 
text  for  both  first  year  and  advanced  courses.  Complete  treatment  of 
network  theory.  including  mathematical  analysis  of  radio  circuits 
and  tube  operation.  727  pp.,  411  illustrations.  1937 . $5.00 

ENGINEERING  ELECTRONICS,  by  Donald  G.  Pink.  Covers  the 
field  of  electronic  tubes  and  their  applicatïons,  including  not  only 
radio  but  the  other  fields  into  which  vacuum*.  gas-ftllecl  and  photo- 
sensiti ve  tubes  are  penctrating.  Includes  theory  and  design;  only 
relatively  simple  mathematica  required.  358  pages,  217  illustrations, 
1938 . $3.50 

FUNDAMENTALS  OF  RADIO,  by  F.  B.  Ter  man.  An  clementary 
version  of  the  author*»  “Radio  Engineering,"  with  siinplified  treat¬ 
ment  and  intended  for  readers  of  limited  mathematical  abüity. 
Suitable  as  a  text  for  an  introductory  course  in  radio,  and  features 
problems  for  classroom  work.  458  pages,  278  illustrations,  1938. 

«3.75 

ELECTRICAL  ENGINEERS’  HANDBOOK,  ELECTRIC  COM¬ 
MUNICATION  AND  ELECTRONICS,  by  ti.  Ptndtr  and  K. 
McHwain.  A  comprchensive  handbook  co  vering  the  field  of  com- 
munication,  both  wire  and  radio,  and  elcctronics.  1022  pages,  981 
illustrations.  Third  edition,  1936 . $5.00 


RADIO  EXPER1MENTS  AND  MEASUREMENTS 


MEASUREMENTS  IN  RADIO  ENGINEERING,  byF.E.  Terman. 
A  eomprehensive  engineering  disciissïon  of  the  measurement  prob- 
leins  encoiintered  in  engineering  practice,  with  emphasia  on  basic 
principles  rat  her  than  on  methods  in  detail.  Includes  an  appendix  of 
otitltnes  for  laboratory  experiments  and  a  comprehensive  index.  400 
page»,  208  illustrations.  1935 . $4.00 

THE  CATHODE-RAY  TUBE  AT  WORK,  by  John  F.  Rider. 
Devotcd  to  cathodc-ray  tube  theory,  sweep  circuits,  a.c.  wave  pat- 
tems  and  description  of  commercial  oscüloscope  units  including 
actual  photographs  of  screen  patterna  representing  about  every  con- 
dition  fikely  to  be  encountered  in  audio-  and  radio-freqiiency  am- 
plifiors,  power  supplies,  complete  receivers  and  transmitters.  322 
pages,  444  illustrations . $2.50 

HIGH-FREQUENCY  MEASUREMENTS,  b\  August  Hund. 

A  thorotigh,  modern  book,  especially  useful  in  advanced  laboratory 
work.  Includes  a  chapter  on  piezo-clectric  determinations.  491  pp 
373  illustrations,  1933 . $5.00 


EXPERIMENTAL  RADIO  ENGINEERING,  by  Prof.  J .  H. 
Morecroft .  An  excellent  laboratory  text  directed  specifically  to  em- 
phasizing  the  principles  involved  in  the  operation  of  radio  apparatus 
and  intended  aa  a  companion.  to  the  samc  author ’s  “Principles.” 
Following  an  introductory  chapter  on  Instruments  and  accessoriea. 
51  ehoice  experiment»  are  outlined.  345  pp.,  250  illustrations,  1931. 

$3.50 

EXPERIMENTAL  RADIO,  by  Prof .  R.  R.  Ramsey.  A  splendid 
book  for  the  experimenter.  This  is  a  laboratory  inanual.  dcscribing 
132  experiments  designed  to  bring  out  the  principles  of  radio  theory, 
instrument»  and  measurements,  196  pages,  167  figures.  Fourth  edi¬ 
tion.  1937 . $2.75 

RADIO  FREQUENCY  ELECTRICAL  MEASUREMENTS,  by 
Hugh  A.  Brown,  A  laboratory  course  in  r.f.  measurejnents  for  Com¬ 
munications  students.  Contains  much  practical  Information  on  meth¬ 
ode  of  measurement.  384  pages,  177  illustrations,  2nd  edition,  1938. 

$4.00 


COMMERCIAL  EQUIPMENT  AND  OPERATING 


PRACTICAL  RADIO  COMMUNICATION.  by  A.  R.  Nilson  and 
J .L.  Horna ng.  \  new  modem  treatment  meeting  the  expandcd  scope 
of  technical  requirements  in  the  variotlS  commercial  fields.  The  first 
six  chapter»  are  devotcd  to  principles,  the  remainins  nino  to  latest 
practice  in  broudcaating,  police  systein,  aviation  radio  and  marine 
coinmunicatiou.  Ineludca  an  appendix  of  tabulated  data  and  a  com¬ 
plete  topical  index.  754  pages,  435  illustrations.  1935 . $5.00 

THE  RADIO  MANUAL,  by  George  E.  Sterl  ing .  An  excellent  practical 
handbook,  espccially  valuable  to  the  commercial  and  broadcast 
operator,  and  co  vering  the  principles,  methods  and  apparatus  of  all 

phases  of  radio  activity.  lllustrated.  1120  pages,  1938 . $6.00 

RADIO  TRAFFIC  MANUAL  AND  OPERATING  REGULA- 
TIONS.  by  Dit  neon  and  Drne,  A  book  for  students.  amateurs  or  radio 
operators  who  contcmplate  entering  the  commercial  field;  it  will  en- 
able  you  to  learn  quickly  and  easily  all  the  government  and  commer¬ 
cial  traffie  rules  and  operating  regulations.  187  pp.,  1929 . $2.00 


RADIO  OPERATING  QUESTIONS  AND  ANSWERS,  by  Nilson 
and  Hornung.  Givet  the  answers  to  the  paraphrase  questiona  in  the 
F.C.C.  atudy  guide,  including  all  six  dements  of  the  commercial 
examina  tion».  Theold  stand-by  of  the  would-be  commercial  operator, 
now  completely  modernized,  415  pages,  87  illustrations,  7th  edition, 
1940 . $2.50 

RADIO  OPERATOR ’S  MANUAL,  by  the  Radio  Dept.,  G.  E.  Co. 
Primarily  a  luanual  to  qualify  an  applicant  for  the  radio telephone 
classes  of  license  (including  police),  but  also  pro  vides  material  of 
general  interest  to  users  of  commercial  radio  equipment.  194  pages, 
56  illustrations,  4th  edition,  1939 . $1.00 


MISCELLANEOUS 


THE  RADIO  AMATEUR  CALL  BOOK.  Lists  all  U.  S.  and  for- 
eign  amateur  radio  stations,  s.w.  commercials  and  broadcasters. 

$1.25  (Foreign  $1.35) 

MAKlNG  A  LIVING  IN  RADIO,  by  Zeh Bouck.  A  worth-while  book 
for  the  radio  amateur  who  is  eonsidering  entering  the  commercial 
radio  field  in  its  rnany  branches;  explodes  the  bunk,  points  out  the 
pitfalls.  222  pages,  25  illustrations . $2.00 

RADIO  DATA  GHARTS,  by  R ,  T.  Beatty.  \  series  of  graphic  charVs 
for  golving,  without  the  use  of  mathematica,  most  of  the  problems 
involved  in  receiver  design.  82  pp.,  8.'^  x  1 1 . $1.50 

SERY  ICING  RECEIVERS  BY  MEANS  OF  R  ESI  STA  N  CE 
MEASUREMENTS,  byJ.F,  Rider.  203  pp.,  94  illustrations.  An  ex¬ 
cellent  book  for  the  service  man  and  amateur  constructor.  .  .$1.00 


SERVIC1NG  SUPERHETERODYNES»  by  John  F.  Rider .  Theory 
and  practice  of  superheterodynes,  writh  adjustment  and  trouble- 
shooting  data.  278  pages,  94  illustrations . $1.00 


PRINCIPLES  AND  PRACTICE  OF  RADIO  SERVTCING,  by 

H.  J .  Hicks.  A  combination  of  the  typical  radio  textbook  deal  ing 
with  fundamentals  and  the  practical  Information  of  the  serviceman’s 
manuals.  305  pages,  211  illustrations,  1939 . $3.00 


AUDEL’S  NEW  RADIOMAN  S  GUIDE,  by  B.  P.  Andcrson.  For 
one  who  wants  to  get  a  working  knovvledge  of  radio.  Not  an  engineer¬ 
ing  text,  but  filled  with  useful  Information  for  the  practicing  radio 
man.  765  pages,  519  illustrations,  1940 . $4.00 
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A  Battery .  38 

A.A.R.S .  12 

ARL  Check . 435-436 

AT-Cut  Crystals .  75 

Abbreviationa,  Amateur . 439-440 

Abbreviations,  International  Standard . 437-438 

Abbreviations,  Radio  and  Electrical .  280 

Absorption  Frequency  Meters . 24A-247 

Alignment,  Receiver . 133-135 

Alternating  Current . 27-28 

Alternator .  28 

Aluminum .  24 

Amateur  Banda . 15-16 

Amateur  Operator  and  Station  Licensea . 20-21 

Amateur  Regulations . 440-446 

American  Radio  Relay  League: 

Foundation .  10 

Headquarters . 13-14 

Hiram  Percy  Maxim  Memorial . 13-14 

Joining  the  League .  14 

Organization . . 13,  436 

Ampere .  24 

Ampere  TurnB .  27 

Amplification  Factor .  39 

Amplification,  Vacuum  Tube .  39 

Amplifier  Claasificationa . 42-44 

Amplifiers  (zee  “  Receivera,”  “ Transmi ttera"  and 
“  Radiotelephony ' ') 

Amplitude  Modulation .  89 

Angle  of  Radiation . . . 320,  322 

Anode . . . . .  26 

Antenna  Systems: 

Angle  of  Radiation . 320, 322 

Antenna  Impedance . . .  321 

Bent  Antennas .  344 

Broadside  Arrays . 348,  349-350 

Coaxial  Vertical  Radiator . 416-417 

Collinear  Arrays . 348,  349,  416 

Compact  Antennaa . 343-344 

Construction  of .  355 

'*  Corner  ”  Reflector  Antennaa . 417-418 
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Coupling  to  Transmitter .  .  .  170-173,  331,  332,  336-337 

Directive  Antennas . 339-341,  348-354,  417-420 

Di  rector .  352 

Driven  Elements .  348 

Dummy  Antennaa . . . 216,  361 

End-Fire  Arraya . 348, 350 

Feed  Systems: 

General . 325 

Characteristic  Impedance . 326-327 

Current .  325 

Voltage .  325 

Concentric  Lines. . 325-326,  327,  416—417 

Delta  Matching  Transformer . 330-331 

Doublet .  321 

Length . 327,337,420 

Lossea . 327-328 

Linear  Tranaf ormers . 332-333 

Multi-Band  Antennas . 34 1-344 

Non-Resonant  Lines . 328-329 

"Q”  Antenna .  333 

Resonant  Lines . 333-336 

Single-Wire  Feed .  329 

St&nding-Wave  Ratio .  326 

Stub  Matching . . . 332-333 

Tuned  Tranamission  Lines . 333-336 

Twisted-Pair  Feedera . 325,  329-330 

Untuned  Transmission  Lines.  . . 328-329 

Ground  ES  eet . 321-322 

Grounded  Antennas . 323-324 

Hertz .  321 

Length . . 337-338, 340-341, 419-420 

Long-Wire  Directive  Antennas . 344-347 

Marconi  (Grounded)  Antennas . 323-324 

Maats . 355-357 

Paraaitic  Elemente . 355, 351-354 

Phased  Arraya . 351, 417 

Polarization . 318,  320 

Portable .  269 


Radiation  Characteristica .  . . 321-323 

Radiation  Resiatance . 33, 32 1 

Receiving . 360-361 

Reflector .  352 

Rhombic  or  Diamond  Antennaa . 345-347 

Rotary  Antennas . 357-360 

Switch  ing . 273-274 

Transmisaion  Lines . 32-34,  325-326 

Tuning.  . .  335 

Ultra-High  Frequency . 363,  415-420 

V  Antennaa . 344-345 

Anti-Nodea . 33,  321 

Army- Amateur  Net .  12 

Atoms .  22 

Atmospheric  Bending . 362-363 

Attenuation .  318 

Audio  Frequencies  . .  .  . .  88 

Audio-Frequency  Amplifiera . 53,  101-103 

Audio  Limiter  Circuits . 67-68 

Audio  Oacillatora . 17-18,  229,  259 

Autodyne  Receivers  ( see  "Receivera”) 

Automatio  Gain  Control . 63,  64 

Auto-Tranaformer  Link  Coupling .  36 

Average  Current  Value .  28 


Back- Wave .  221 

Bakelite .  26 

B  Battery .  38 

Band  Changing . 52-53  87 

Band  Spread .  53 

Band  Wïdth . 48 

Bands,  Amateur . 16-17 

Battenes . .  25,  263-264 

Battery  Service  Houra  (Table) .  264 

Beam  Antennas  (see  “Antenna  Systems”) 

Beam-Power  Tubes .  46 

Beat  Frequency.  . . . . 37.  38 

Beat  Oscillator . 38,  51v  59, 63, 132,  134 

Beginner’s  Code  Practice  Stations .  19 

Bench,  Work .  105 

Bending  Sheet  Metal .  107 

Bent  Antennaa .  344 

Bias . 39,41-42,84.  184-186,211-212 

Birdies .  136 

Blanketing .  229 

Bleeder . 174, 178, 179,  187 

Blocking .  129 

Blocking  Condensera .  71 

Body  Capacity .  130 

Brasa .  24 

Break-In .  228 

Bridge  Rectifiers . 175 

Broadcaating,  Interference  With . 229,  243 

Broadside  Arrays . 348, 349-350 

Bus  Wire . 108 

Buzzer  Code  Practice  Set .  17 

By-Pas8  Condenaers . 49,  56,  7 1 


C-L  Ratioe . 32 

C.  W.  Signala .  45 

Calibrating  Frequency  Standard . 250-251 

Canadian  General  Manager . .  13 

Capacitive  Coupling .  34 

Capacitive  Reaotance . . . 29,  278 

Capacity .  23 

Capacity  of  Condenser  (Formula)  .  . .  277 

Capacity-Resistance  Time  Constant .  278 

Carbon  Microphones . 88,  100 

Carrier .  38 

Cathode . . . 26,  47 

Cathode  Bias . . . 4 1, 42 

Cathode  Circuits . 54-55 

Cathode  Modulation . 93, 98 

Cathode-Ray  Oscilloscopes . 234-239, 259-262 

Cathode-Ray  Tubes  (Table) . 301-302 

CeU .  25 

Cement,  Coil .  108 

Century  Club .  436 

Center-Tap . .  71 

Center-Tap  Full-Wave  Rectifier . 175 
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Center-Tap  Keying . 224-225 

Characteristic  Curves . 38,  39-40 

Characteristic  Impedance . 34,  326-327 

Characteristics  of  Vacuum  Tubes  (Tables) . 289-317 

Charges,  Electrical . 22-23 

Charts  and  Tables: 

Abbreviations,  Amateur  . . 439-440 

Abbreviations  for  Electrical  and  Radio  Terms  .  .  280 

Amateur  Wavelength-Frequency  Bands .  16 

Antenna  and  Feeder  Lengths 

328,  339,  340,  341,  343,  418, 419 

Antenna  Gain . 339,  349,  350,  352 

Battery  Service  Hours .  264 

Characteristic  Impedance .  326 

Coil-Winding  Data .  83 

Color  Code  for  Resistors  and  Condensers .  279 

Conductivity  of  Metals .  285 

Continental  Code .  17 

Conversion  Factors . . . .  280 

Current  Capacity  of  Power  Wiring .  285 

Decibel  Chart .  279 

Dielectric  ConstantB .  277 

Drill  Sizes .  107 

Dynamotors  (Types  and  Data) .  265 

Electrical  Symbols . 280-281 

Emergency  Rules .  429 

Gain  of  Directive  Antennas . 339,  349, 350, 352 

Gas-Driven  Generators  (Types  and  Data) .  266 

Interference,  B.  C.  L.  Frequencies .  243 

Message  Form .  430 

Metric  Prefixes .  280 

Modulator  Data . 96-97 

Prefixes,  Amateur .  440 

Q  Code . 437-438 

R-S-T  Scale .  % .  427 

Radiation  Resistance .  339 

Reactance .  282 

Resistance- Coupled  Amplifier  Data . 94-95 

Rhombic  Antenna  Design  Charts .  346 

Safety  Rules . . 187-188,  275-276 

Tank  Circuit  Capacity .  81 

Tap  Sizes .  107 

Toola . 104, 105 

Tube  Conversion  Factors .  282 

U.  S.  Radio  Districts . * .  445 

V-Antenna  Design  Chart .  349 

Vacuum  Tube  Characteristics . 289-317 

Vacuum  Tube  Symbols . 281-282 

Vibrator  Power  Supplies  (Types  and  Data) .  265 

Wire  Table . 283 

Word  Liats  for  Accurate  Transmission .  425 

Chassis  Layout . 105-106 

Checking  Messages . 431-433 

Choke,  Filter .  180 

Choke-Input  Filter . 174,  177-178 

Choke,  R.F .  32 

Cipher  Groups .  21 

Circuit  Diagram8 .  37 

Circuit  Diagram  Symbols .  281 

Circuit,  Electric .  27 

Circuit  Loading .  58 

Circuit  Noise . 57-58 

Circuit  Values  —  Receiving . 56-57 

Circuits,  Tuned . 30-32 

Circuits,  Receiving  (sce  “Receivers”) 

Circuits,  Tran8mitting  ( see  Transmitters”) 

Class  A,  B,  and  C  Amplifiers . 42-44 

Class  B  Modulation . 98-99,  198-201 

Class  B  Modulator  Data . 96-97 

Cleaning  and  Finishing  Metal .  107 

Clickless  Keying  Methods . 226-228 

Closed  Circuit .  27 

Coaxial  Line . 325-326 

Coaxial  Vertical  Radiators . 416-417 

Code  (Continental)  and  Code  Practice.  . . 16-17,  18—19 

Code  Practice  Cipher  Groups .  21 

Code  Practice  Sets . 17-18 

Code  Practice  Stations  (for  Beginners) .  19 

Coëfficiënt  of  Coupling .  34 

Coils . 26-27,  28 

Combined  A.C.  and  D.C . 36-37 

Coil  Cement . .  108 

Communications  Department,  A.R.R.L . 13,436 

Collinear  Arrays . 348,  349,  416 

Complex  Wavea .  36 

Concentric  Transmiseion  Line . 325-326,  330 

Condenser .  23 

Condenser  Capacitance  (Computing) .  277 

Condenser  Color  Code . 279-280 

Condenser-Input  Filter . . . 174, 177 

Condensor  Microphones . 100 


PAGE 

Condenser  Series  and  Parallel  Connections .  278 

Condenser  Reactance .  29 

Condensers,  Electrolytic .  180 

Condensers,  Voltage  Rating . 81,  83 

Conductance,  Mutual .  39 

Conduction,  Electrolytic .  25 

Conduction,  Gaseous .  . . 24-25 

Conduction,  Thermionic . 25-26 

Conductivity  of  Metals .  285 

Conductor .  24 

Con  tests . 423-424 

Continental  Code .  17 

Continuous-Wave  Signal .  45 

Con  trol  Circuits . 271-272 

Control  Grid .  39 

Controlled-Rectifier  Keying .  222 

Conversion  Efficiency . 59-60 

Conversion  Factors .  280 

Conversion  Factors,  Tube  (Chart) .  282 

Converters,  A.C.-D.C . 266-267 

Converters,  Frequency . 47,  59-60,  122-124 

Converters,  U.H.F . 365-372 

Copper .  24 

Core .  . . 27 

Counting  Messages . 435-436 

Coupled  Circuits .  34 

Coupling,  Antenna  to  Receiver . 56-57,  127,  130,  136 

Coupling,  Antenna  to  Transmitter  170-173, 331-332, 336-337 

Coupling  Condenser .  49 

Coupling,  Interstage . 76-77 

Coupling,  Oscillator . 135-136 

Creep .  72 

Crackle  Finish .  107 

Critical  Coupling .  34 

Critical  Inductance . 177-178 

Cross-Modulation .  47 

Crystal  Filters . 64-60 

Crystal  Microphones .  100 

Crystal  Oscillators . . . 73-75,  210  -211 

Crystal-Controlled  Transmitter  Construction  (see 
“Transmitters”  and  “Ultra-High  Frequencies”) 
Crystala: 

Characteristics  and  Limitations .  75 

Cuts .  75 

Mountings .  75 

Piezo-Electric  Effect .  32 

Power  Limitations .  75 

Temperature  Effects . .  75 

Current,  Alternating .  27 

Current  Capacity  of  Wires .  285 

Current,  Direct .  24 

Current  Feed  for  Antennas .  325 

Current  Flow .  24 

Current  in  A.C.  Circuits .  27 

Current  Lag  and  Lead .  29 

Cut-OfF . . . . . . .  39 

Cutting  and  Bending  Sheet  Metal .  107 

Cutting  Threads . 106-107 

Cycle .  25 

DX . 10,  12,  15, 16 

DX  Century  Club .  436 

Decibel . 278-279 

Degen  eration .  41 

Delivering  Messages .  435 

Deloy . 11 

Delta  Matching  TranBformer . 330-331 

Demodulation .  44 

Detection . 38, 44,  49 

Deviation .  402 

Diagrams .  37 

Diamond  Antenna . 345-347 

Dielectric . ; .  20 

Dielectrio  Constant .  23 

Dielectric  Constants  (Table) .  277 

Dies .  106 

Diode. . . 38,  49 

Direct  Coupling . . .  34 

Direct  Current. .  . . .  . .  28 

Direct- Ray  Transmission . 362 

Directionaü  Antennas  (sec  “Antenna  Systems”) 

Director .  352 

Direct  ore,  A.R.R.L .  13 

Disassociation .  25 

Discriminator .  402 

Distortion .  .  36,  40 

Distributed  Inductance,  Capacitance  and  Resistance.  32 

Districta,  Inspection .  445 

Divisions,  A.R.R.L .  13 

Dividers,  Voltage. . . 188-190 

Doublé  Frequency. . 71,  85-80,  217 


546 


Index 


PAGE 

Doublé  Resonance .  217 

Drill  Sizes .  107 

Drilling  Holes . 106-107 

Dry  Batteries . 25,  263-264 

Dummy  Antennas . 216,  361 

Duplex-Diode  Triodes  and  Pentodes .  47 

Dynamic  Characteristics . . . 39-40 

Dynamotors .  266 

Dynamotors  (Table) .  265 

E-Layer  Transmission . 362-363 

Effective  Current  Value . 28,36 

Efficiency,  Amplifier . 72, 216 

Electric  Charges . 22-23 

Electric  Circuit .  27 

Electric  Field . . 26-27 

Electrical  Interference  Reduction . 226-231 

Electrical  Length . 32, 327 

Electrical  Units  and  Symbols . 280-282 

Electricity .  22 

Electrolytic  Condensers . 25,  180 

Electrolytic  Conduction .  25 

Electromagnetic  Radiation . 37,  318 

Electromagnetism . 26-27 

Electromotive  Force  (E.M.F.) .  23 

Electrons .  22 

Electron  Flow .  24 

Electron-Coupled  Oscillator . 72—73 

Electronic  Conduction .  26 

Electrostatic  Field .  23 

Electrostatic  Shielding . 219 

Emergency  Apparatus  (see  “Portable  Equipment”) 

Emergency  Coördinator .  12 

Emergency  Corps .  12 

Emergency  Operating . 427-430 

Emergency  Work .  12 

Emission,  Electron . 25—26 

End-Fire  Arrays . 348-350 

Energy  Fielda .  37 

Equi-potential  Cathode .  47 

Excitation . 42,  72,  82-84,  213-214 

Exciter  Units  (see  “Transmitters  ”) 

Executive  Committee,  A.R.R.L .  13 

Expedition  Communications . 12-13 

Farad .  23 

Federal  Communications  Commission,  Regulations  440—146 

Feed-Back . 44, 137 

Feedback,  R.F . 219-220,  224 

Feedere  and  Feed  Systems  (see  “Antenna  Systems”) 

Fidelity .  49 

Field,  Electrostatic .  23 

Field,  Magnetic . 26-27 

Fields,  Energy .  37 

Field-Strengtn  Meters .  258 

Filament . 26,  47,  55 

Filament  Supply .  183 

Fills  and  Repeats . 423, 435 

Filter,  Crystal . 64-66 

Filters,  R.F . 227,  229 

Filters  ( see  “Power  Supply”) 

First  Detector. .  59 

Five  Meters  (see  “Ultra  High  Frequencies ”) 

Fixed  Test  Messages .  434 

Flow,  Current .  24 

Fly wheel  Effect . . .  43 

Force,  Electromotive .  23 

Force,  Lines  of . 26-27 

Formulas: 

A.C.  Average  and  Effective  Values .  28 

Amplification  Factor .  39 

Antenna  Length . 321,  324,  340,  419—420 

Bias  Supply  Bleeder . 184,  185 

Capacitive  Reactance .  278 

Capacity  of  Condenser .  277 

Cathode  Bias .  42 

Coëfficiënt  of  Coupling .  34 

Combined  A.C.  and  D.C.  Currents .  36 

Complex  Wave .  36 

Coupling  Transformer  Turns  Ratio .  93 

Critical  Inductance .  177 

Decibel .  278 

Delta  Match .  330 

Driver  Coupling .  99 

Filter  Design . 178-179 

Frequency.  . .  30 

Grid  Leak  Bias .  42 

Impedance .  30 

Impedance  Matching . 91,  330, 332, 333 

Inductance  Calculation . 277 

Inductive  Reactance . 277-278 
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Input  Choke. . . .  177 

Linear  Matching  Sections .  332 

Modulation  Impedance .  91 

Modulation  Percentage .  89 

Multipliers  (Meter) . 255 

Mutual  Conductance . 39 

Ohmmeter  (from  voltmeter) .  256 

Ohms  Law  (A.C.) .  30 

Ohms  Law  (D.C.) .  24 

Overall  Gain .  101 

Plate  Resistance .  39 

Power . 26,  216 

Q .  31 

Q  Antenna .  333 

R/C  Time  Constant .  278 

Reactance . 277-278 

Regulation .  174 

Resonance .  30 

Resonant  Impedance .  31 

Rhombic  Antenna . 340-347 

Ripple . . .  177 

Series,  Parallel  and  Series-Parallel  Capacities  .  .  .  278 

Series,  Parallel  and  Series-Parallel  Resistances  24 

Sine  Curve .  28 

Surge  Impedance . . .  327 

Time  Constant .  278 

Transmission  Line  Length . 327, 333,  351,  420 

Transmission  Line  Spacing .  327 

Tums  Ratio .  35 

Voltage  Divider  . .  188 

V oltage  Regulation .  174 

Wavelength-Frequency  Conversion .  32 

Wavelength .  30 

Frequencies,  Amateur . 15-16 

Frequency .  28 

Frequency  Converters . 47 , 59-60 

Frequency  Measurement: 

100-Kc.  Frequency  Standard . 251-253 

lOO-lOOO-Kc.  Crystal  Oscillator .  251 

100-1000-Kc.  E.C.  Oscillator . 250-251 

Absorption  Frequency  Meters . 246-247 

Checking  Transmitter  Frequency . . 245-246 

Heterodyne  Frequency  Meters . .247-250 

Lecher  Wires.  . . 253-254 

WWV  Schedule» .  262 

Frequency  Modulation: 

Constructional : 

Modulator-Oscillator  Unit . 404—406 

56-Mc.  F.  M.  Transmitter . 406-407 

112-Me.  F.  M.  Transmitter . 408-411 

F.  M./A,  M.  I.  F.  Amplifier . 411-414 

General . 90, 363 

Principles . 402-404 

Frequency  Multipliers . 71, 85-80,  217 

Frequency  Stability . 48-49,  60-61, 72, 137,  211 

Frequency-Wavelength  Conversion .  32 

Fringe  Howl .  131 

FuU-Wave  Rectifiers . 174, 175 

Fundamental  Frequency . 32, 36 

Gain  Control . 56, 103 

Ganged  Timing . 57,  87 

Gaseous  Conduction . 24-25 

Genemotora .  266 

Generators . 28,  267-268 

Generators,  Gas-Driven  (Table) .  266 

Godley,  Paul .  10 

Government  Licenses . 20-21 

Grid .  39 

Grid  Bias . 39,  41-42,  84,  184-186,  211-212 

Grid-Bias  Modulation . 92,  240-242 

Grid  Condenser .  44 

Grid  Detection . 44—45, 50-51 

Grid  Excitation . 42, 72, 82-84, 213—214 

Grid  Keying .  223 

Grid  Leak . 41-42,  44,50 

Grid  Neutralization . 75-80,  212-213 

Grid-Plate  Oscillator . 75,  211 

Ground  Wave . 319 

Grounds . 37, 187 

Grounded  Antennaa . 323-324 


Half -Wave .  32 

Half-Wave  Rectifiers . 174,  175 

Hard  Rubber .  26 

Harmonie  Distortion . 36,  40,  90 

Harmonie  Frequencies . 33, 36 

Harmonie  Generation . 74,  80 

Harmonie  Operation  of  Antennas . 33,  339-344 

Harmonie  Resonance .  33 

Harmonie  Suppression . 218-219 
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Headquarters,  A.R.R.L .  13 

Heating  Effect . . .  26 

Henry .  27 

Hertz  Antenna . 321 

Heterodyne  Reception . 45,  51 

High-Frequency  Oscillator . 59,  60-61 

High-Vacuum  Rectifiers . 174, 176 

High- Voltage  Protection . 187-188,  275-276 

Hiram  Percy  Maxim  Memorial . 13-14 

Hisa  Noise . 67, 136 

History  of  Amateur  Radio .  9-14 

Holes,  Cutting .  106 

Hook-Up  Wire . . . 107-108 

How  to  Become  a  Radio  Amateur  (Booklet) .  14 

Howl . 49 

Hum . 130,137 

Iconoscopes  (Table) .  317 

Image,  A.F .  65 

Image  Ratio . 59,  136 

Impedance .  30 

Impedance  Matching . 34^36 

Impedance,  Tank . 80-81 

Incident  Waves . . .  32 

Indicators,  Tuning . 69—70 

Inductance .  27 

Inductance  Calculation . 81, 83,  277 

Induction .  27 

Inductive  Coupling .  34 

Inductive  Neutralization .  213 

Inductive  Reactance . 28-29,  277-278 

Injection  Grid . 47 

Input  Choke . 177-178 

Input  Condenser . . . 54, 177 

In8pection  Districts . 445 

Inetability . 135 

Instruments: 

Cathode-Ray  Oscilloscopes . 259-262 

Field-Strength  Meters .  258 

Frequency  Meters . 246-250 

Frequency  Standards . 250-253 

I.F.  Test  Oscillator . . . 258-259 

Milliaminetera . 255-257 

Multi-Range  V-O-M .  257 

Ohmmeters . 256-257 

Vacuum-Tube  Voltmeters . 257-258 

Voltmeters . 255-257 

Intermediate  Frequency .  59 

Intermediate  Frequency  Amplifiers . 62-63 

Intermediate  Frequency  Test  Oscillator . 258-259 

International  Amateur  Radio  Union . 11, 14 

Interruption  Frequency .  46 

Interstage  Coupling . 76-77 

Interstage  Transformer .  54 

Ionization .  27 

Ionosphere . 328-329 

Insulators .  26 

Interelectrode  Capacitances . 44,  46 

Interference,  Elimination  of: 

Blanketing .  229 

Broadcaating  with . 229,  230-231,  243 

Electrical  Noise  Silencing . 67-69 

R.F.  Filters . 227,  229 

Radiotelephone  Interference .  226 

Rectifi er  Noise .  225 

Superheterodyne  Harmonies .  224 

Wavetraps .  224 

(Sec  also  “Keying”) 

Inverse  Peak  Voltage .  174 

lons . 25 

Iron . * .  24 

Isolantite . 26 


Kennelly-Heaviside  Layer .  319 

Key,  How  to  Use . 19-20 

Keyer  Tubes . 224-225 

Keying: 

Back  Wave .  221 

Bias  Sources .  225 

Design  Considerations . 221-222,  227 

Key -Click  Elimination . 226-228 

Keyer  Tubes . 224-225 

Keying  With  Break- In .  228 

Methods: 

Center-Tap . 223-224 

Controlled-Rectifier  Keying .  222 

Grid .  223 

Plate .  222 

Primary .  222 

Screen  Griel .  224 
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Suppressor  Grid .  224 

Monitors .  228 

Oscillator  Keying .  225 

Parasitic  Clicks .  227 

Safety  Rules .  276 

(See  also  “  Interference  Elimination  ”) 

Kinescopea  (Table) .  302 


L-C  Ratios .  32 

Lag  Circuits .  226 

Lag,  Current .  29 

Land  Line  Cbeck .  431 

Laws  Concerning  Amateur  Operation . 440-446 

Layer  Height . . 319-320 

Laying  Out  Cbassis  and  Panels .  105 

Lead  Current .  29 

Lecher  Wirea . 253-254 

License  Manual . 20-21 

Licenses,  Amateur . 20  -21 

Lightning .  22 

Lightning  Protection .  276 

Limiter . 402 

Limiting  (Noise)  Circuits.  . . 67-69 

Linear  Amplifiers .  42 

Linear  Antenna  Transformers . 332-333 

Linear  Oscillators . 389-393 

Linearity . 39,  49,  90-9 1 

Lines  of  Force . 26-27 

Lines,  Resonant . 33 

Link  Coupling . 35-36, 77,  214 

Link  Neutralization .  213 

Load . 27,  40,  80-85.  91,  174,  175,  177-178 

Load  Impedance . 35,  40,  85 

Loading . . 58,  85,  2 15-216 

Locating  the  Station .  270 

Log  Books . 426-427 

Long-Wire  Antennas  . 339-344 

Loops . 33,  321 

Low-Level  Modulators .  99 

Low-Pasa  Filters .  229 


Low-Power  Transmitters  ( see  “Transmittera”) 


Magnetic  Field . 26-27 

Magnetism . 26-27 

Magnetomotive  Force .  27 

Manual,  License . 20-21 

Maats . 355-357 

Matched-Impedance  Lines . 33-34 

Matching  Impedances . 34-36,  91 , 98 

Maxim,  Hiram  Percy . 10,  13,  14 

Maximum  Current  Value .  28 

Measurements  ( see  “Instruments”) 

Memorizing  the  Code . 16-17 

Mercury  Vapor  Rectifier . 174,  176-177 

Message  Form . 415-416 

Metals,  Relative  Conductivity  of .  285 

Metering . 87,  206-209 

Meters  (see  “  Instruments  ”) 

Metric  Prefix  es .  280 

Mica . 26 

Microampere .  24 

Microfarad  and  Micro-microfarad .  23 

Microhenry .  27 

Micromhos .  39 

Microphones . 88,  99-101 

Milliammeters . 255-257 

Milliampere .  24 

Mülihenry . 27 

Mixers . 47,  59-60 

Modulation  ( see  also  “  Radiotelephony  ”) . 88-104 

Modulation  Capability . 90,  233 

Modulation  Methods .  91 

Modulation  Percentage .  89 

Modulators . 191-201 

Molecular  Friction .  26 

Molecule .  22 

Monitored  Frequencies . 428-429 

Monitors . 228-229,  254-255 

Monoscopes  (Table) .  317 

Motorboating .  137 

Mounting  Crystals .  75 

Mu .  39 

Multi-Element  Tubes .  46 

Multi-Purpose  Meter .  257 

Multi-Purpose  Tubes .  47 

Multipliers,  Frequency . 71,  85-86,  217 

Mush .  136 

Mutual  Conductance . 39 

Mutual  Inductance .  34 

Mycalex . 26 
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Naval  Communicationa  Reserve  (N.C.R.) .  12 

Negative  Charges .  22 

Negative-Peak  Overmodulation  Indicators . 233-234 

Neutral  ization . 76-80,  212-213 

Neutralizing  Condensere .  80 

Nodes . 33,221 

Noise  Ratio . 57-58 

Noise  Silencing . 67-69 

Non-Linearity .  40 

Nucleus .  22 

Numbering  Messages .  431 


Ohm .  24 

Ohm’s  Law .  24 

Ohm’s  Law  for  A.  C .  30 

Ohmmeters . 256-257 

Open  Circuit .  27 

Open-Wire  Line .  325 

Operating  Notes . .421-436 

Operating  Position . 270-272 

Operating  Procedure . 421-436 

Operator’s  Licenae . 20-21 

Originating  Traffic .  433 

Oscillating  Detector . 45,  51 

Oscillation .  44 

Oscillation  Frequency . .  -44 

Oscillator  Coupling  (Receivers) . 135-136 

Oacillator  Keying . 225 

Oscillators  {see  keading  covering  particular  application ) 

Oscilloscopes . 234-239,  259-262 

Output  Condenser .  178 

Output  Coupling .  85 

Output  Limiting .  103 

Output  Transformer .  54 

Overmodulation .  90 

Overmodulation  Indicators . 233-234 


Padding  Condenser .  57 

Panel  Layout . 105-106 

Parallel  Amplifiers .  40 

Parallel  Capacities .  278 

Parallel  Circuits . 24,  71 

Parallel  Feed .  71 

Parallel  Resistances .  24 

Parallel  Resonance . 30-31 

Parasitic  Oscillations . 72,  211,  217-218.  227 

Peak  Plate  Current . .  174 

Peak  Current  Value .  28 

Pentagrid  Converters .  47 

Pentode  Crystal  Oscillators . 73,  210 

Pentodes . 40-47 

Pentode  Amplifiers .  78 

Performance,  Receiver .  137 

Period . . . . . : .  28 

Phase . . 29-30 

Phase  In  version .  102 

Phased  Antennas . 356,  417 

Phasing  Control . 65, 131 

'Phone  ( see  “Radiotelephony  ”) 

Pi-Section  Antenna  Couplers . 172-173 

Pierce  Oseillator .  74 

Piezo-Electricity .  32 

Piezo- Electric  Crystals  ( see  “Crystals”) 

Piezo-Electric  Microphone .  100 

Plate . 26,38 

Plate  Current . 38-39 

Plate  Detection . 44,  51 

Plate  Keying .  222 

Plate  Load  Resistance . 50 

Plate  Modulation . 91-92 

Plate  Neutralization .  78 

Plate  Resistance . 35,  39 

Platinum .  24 

Polarization .  . . 318,  320 

Portable  Equipment: 

Antenna  Systems .  269 

Battery  Service  Hours  (Table) .  264 

Converters,  A.C.-D.C . 266-267 

Dry  Batteries . 263-264 

Dynamotors . 265, 266 

Equipment .  263 

Genemotors .  266 

Generators . 267-268 

Power  Supply . 263-267 

Receivers .  268 

Storage  Batteries . 263-264 

Transmitters . 268-269 

Vibrator-Transformers . 264-266 

Windchargers . 267 

Positive  Charges .  22 

Pot  Oscillator . 387-389 
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Potential . .  23 

Power .  26 

Power  Amplification .  41 

Power  Amplifiers .  76 

Power  Input .  71 

Power  Line  R.F.  Filters . 227-228 

Power  Output . .  72 

Power  Sensitivity .  46 

Power  Supply: 

25-  and  50-CycIe  Supply .  178 

A.C.-D.C.  Converters . 266-267 

Battery  Service  Hours  (Table) .  264 

Bias  Supplies . 184-186 

Bleeders . 174, 178,  179,  184,  185  187 

Bridge  Rectifier .  175 

Construction . 186-188 

Design . 178-180 

Dry  Batteries . 263,  264 

Dynamotors .  266 

Dynamotors  (Table) .  265 

E.C.O.  Exciter  Supply . 147-149 

Electrolytic  Condensers . 25, 180 

Filament  Supply .  183 

Filters: 

Design . 174,  177-178 

Filter  Chokes .  180 

Filter  Condensers .  180 

Full-Wave  Rectifiers . 174,  175 

Genemotors .  266 

Generators . ' . 267-268 

Generators,  Gas-Driven  (Table) .  266 

Half-Wave  Rectifiers . 174, 175 

High-Vacuum  Rectifiers . 174,  176 

Input  Choke . 177-178 

Inverse  Peak  Voltage .  174 

Line  Voltage  Regulation .  190 

Mercury-Vapor  Rectifiers . 174,  176-177 

Peak  Plate  Current .  174 

Portable  ( see  “Portable  Equipment") 

Portable  and  Emergency  Power  Supplies . 263-267 

R.F.  Filters . 227,229 

Receiver  Power  Supplies .  190 

Rectifier  Circuits . 175-176 

Rectifier  Noise .  230 

Rectifiers . 175-177 

Regulation . 170. 181-182, 184-186 

Ripple . 174-175, 177 

Safety  Precautions . 187-188 

Series  Connection  of  Transf ormers  and  Rectifiers .  181 

Storage  Batteries . 263-264 

Swinging  Choke . 174, 178 

Vibrator  Supplies  (Table) .  265 

Vibrator-Transformers . 264-265 

Voltage  Dividers . 188-190 

Voltage-Regulated  Power  Supplies . 181-183 

Windcbargers .  267 

Wiring,  Current  Capacity .  285 

Prefixes,  Amateur .  440 

Prefix  es,  Metric .  280 

Pre-Selection . 64, 125-127 

Primary .  28 

Primary  Keying .  222 

Protection  from  High  Voltage . 177-178,  275-276 

Pulling . 59-60, 129 

Pulsating  Currents .  36 

Push-Pull  Amplifiers . 40-41 

Q .  31 

Q  Antennas .  333 

Q  Code . 437-438 

QRR . 429,  438 

QST . 10, 13, 14 

Quarter  Wave .  32 

Quartz .  26 

Quartz  Crystals  ( see  “Crystals") 

Quench  Frequency . 45-46 

R.M.S.  Current  Value .  28 

R-S-T  System .  427 

Rack  Construction . 202-206 

Radiation .  37 

Radiation  Angle . 320-322 

Radiation  Resistance . 33,  321 

Radiator  {see  “Antennas") 

Radio  Frequency  Amplifiers . 55,  76 

Radio  Frequency  Choke  Coil .  32 

Radio  Inspection  Districts .  445 

Radiotelephony : 

Adjustment . 232-233 

Amplitude  and  Power  Relations . 90-91 

Audio  Test  Signal  Source .  259 
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Cathode  Modulation . 93, 98,  242 

Choke-Coupled  Plate  Modulation . 91,  92 

Class-B  Audio  Operation . 42-43,  98-99 

Class-B  Modulators . 98-99, 198-201,  209 

Class-B  Modulator  Data . 96-97 

Construction  Practioe . 191,  209 

Constructional: 

3- Watt  Speech-Amplifier/Grid  Modulator. .  .  192-193 

4- Watt  Single-Tube  Modulator. .  . . 191-192 

6. 5- Watt  Side-Band  Limiting  and  Compression 

Amplifier .  198 

15-Watt  2A3  Speech  Amplifier  with  Negative 

Feedback . 196—197 

20- Watt  Low-Coat  6L6  Speech  Amplifier.  .  .193-194 
40-Watt  6L0  Speech  Amplifier/ Modulator .  .  194-196 

Driving  Power . 93, 98-99,  232 

Driver  Coupling . 99 

Frequeneies  and  Regulations . 15-10,  440-446 

Frequency  Modulation .  90 

Grid-Bias  Modulation . 92,  239-242 

Harmonie  Distortion .  90 

Tnterference .  243 

Linearity . 90-91 

Low  Level  Modulation .  98 

Matching . 93-94 

Microphones . 88, 99-101 

Modulation . 88-102 

Modulation  Capability . 90, 233 

Modulation  Methods .  91 

Monitors. .  .  .  .  . . 254-255 

Oscilloscopic  Adjustment . 259-262 

Output  Limiting .  103 

Overmodulation . .  90 

Overmodulation  Indicators . 233-234 

Percentage  Modulation .  89 

Plate  Modulation . 91-92 

Plate  Modulation  of  Screen-Grid  Tubes .  91 

Plate  Supply .  99 

Power  in  Speech  Waves .  90 

Procedure .  425 

Resistance-Coupled  Amplifier  Data . 94-95 

Side  Bands . 89-90 

Speech  Amplifier  Design . 101-103 

Suppressor  Modulation . 92 

Word  List .  425 

Reactance . 28-29 

Reactance,  Capacitive .  29 

Reactance  Chart .  282 

Reactance,  Inductive . 28—29 

Reactance  Modulator .  403 

Receivers: 

Amplifiers,  A.F . 53-54 

Amplifiers,  R.F . 54-57, 129-130 

Antenna  Coupling . 56-57,  127,  130, 136 

Antenna  Tuning  Units .  127 

Antennas  for . 360-361 

Audio  Limiter  Circuits . 67-69 

Automatic  Gain  Control . 63, 64 

Band  Changing.  . . 52-53 

Band  Spreading .  53 

Beat  Oscillators . 38,  51, 59,  63, 124-125 

Body  Capacity .  130 

Circuit  Values . 56-57 

Construction: 

1- Tube  Converter . 122-124 

2- Tube  Regenerative  Receiver . 109-113 

3- Tube  Superhet . 113-117 

6-Tube  Regenerative  Single-Signal  Super.  .  .117-121 

Beat  Oscillator  for  B.C.L.  Sets . 125-127 

Frequency  Modulation  I.F.Amplifier . 411-414 

14-  and  28-Mc.  Pre-Selector . 125-127 

Detector . 49-52 

Electrical  Noise  Reduction . 67-69 

Fidelity .  49 

Frequency  Converters . 47,  59-60,  122-124 

Frequency  Moduiation  Reception.  .  .402-403,411-414 

Hum . .  130 

Intermediate  Frequency  Amplifiers . 62-63 

Limiting  (Noise)  Circuits . 67-69 

Noise  Silencing . 67-69 

Oscillator  Circuits . 60-61 

Performance .  137 

Portable .  268 

Power  Supply .  190 

Pre-Selection . 64,  125-127 

Protection  from  Transmitter .  272 

Quartz  Crystal  I.F.  Filters . 64-66 

.  R.  F.  Amplifiers . 54-57,129-130 

Regeneration  Control . . .  130 

Regenerative  Detector  Circuits . 51-52 

Regenerative  I.F.  Amplifiers . 117-121, 133 
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Regenerative  Pre-Selectors . 117-121,  133 

Regenerative  Receivers,  Tuning . 128-131 

Second  Detectors . 59,  63 

Selectivity . 48 

Sensitivity .  48 

Servicing  Receivers . 128, 130-131 

Shielding . 55-56 

Single-Signal  Selectivity . 132-133 

Stability . . 48-49 

Superheterodyne  Receivers,  Adjustment . 131-135 

Test  Equipment . 128,  255-262 

Tone  Control .  . .  54,  137 

Tracking . 57,  61-62 

Tuning  Indicators.  . . 69-70 

Tuning  Systems . 52-53 

Ultra-High  Frequency  ( see  “Ultra-High  Fre¬ 
quencies”) 

Variable  Selectivity . 38, 44 

Wiring .  108 

Rectification . 38,  49,  174-176 

Rectifier-Filter  Systems  (ae<?  “Power  Supply”) 

Rectifiers  (Tab le) . 303-304 

Reflected  Waves .  32 

Reflection  of  Radio  Waves . 319-320 

Reflector . 352 

Refraction  of  Radio  Waves . 319-320 

Regeneration . 45,  66-67,  210 

Regeneration  Control . 52, 130 

Regenerative  Detector . 45,  51,  52 

Regenerative  Receivers  ( see  “Receivers”) 

Regulation,  Voltage . 174,  181-182,  184-186 

Regulations,  Amateur . 440-440 

Reinartz .  11 

Rejection  Control .  65 

Relay  Procedure . 433-434 

Remote  Control .  274 

Resistance . 22,  24 

Resistance-Capacity  Time  Constant .  278 

Resistance-Coupled  Amplifier  Data . 96-97,  101 

Resistance,  Radiation .  33 

Resistances  in  Series  and  Parallel .  24 

Resistive  Coupling .  34 

Resistor  Color  Code .  279 

Resonance . 30-31 

Resonance  Curve .  48 

Resonant  Circuit  Impedance . 31-32 

Resonant  Frequency  . .  30 

Resonant  Line  Circuits . . .  33 

Resonant  Transmission  Lines . 333-336 

Rhombic  Antenna.  . . 345-347 

Ribbon  Microphonee .  100 

Ripple . 174-175,  177 

Rochelle-Salt  Crystals .  32 

Root  Mean  Square  Value .  28 

Rotary  Antennas . 357-360 

Rubber,  Hard .  26 

S  Meter . 69-70 

S  Scale .  427 

Safety  Rules.  . 187-188,  206-209,  276-276 

Saturation  Point .  39 

Schematic  Symbols .  281 

Schnell .  11 

Screen  Grid .  46 

Screen-Grid  Keying . 224 

Seattle,  U.S.S .  12 

Second  Detector . 59,  63 

Secondary .  28 

Secondary  Emission . 26,  46,  217 

Selectivity . 31,  48 

Selectivity  Control .  60 

Self-Controlled  Oscillators .  72 

Self-Induction .  27 

Self-Osciliation . 216-2 17 

Sending .  20 

Sensitivity . 48, 137 

Series  Capacities .  278 

Series  Circuits . 24,  71 

Series  Feed .  71 

Series- Parallel  Resistances .  24 

Series  Power  Supplies .  181 

Series  Resistances .  24 

Series  Resonance .  30 

Service  Message .  435 

Servicing  Receivers . 128,  130,  131,  135-137 

Sheet  Metal  Working .  107 

Shenandoah .  12 

Shielding . 55-56 

Sh  ields ,  Electrostatic .  219 

Short  Wave  Receivers  ( aee  “Receivers”) 

Shot  Noise .  07 
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Side  Banda . 89-90 

Signal  Generators . 258-259 

Signal-Noise  Ratio . . 55,  57-58 

Signal-Strength  Indicators . 69-70 

Signal-Strength  Scale .  439 

Silencers,  Noiae . 67-69 

Sine  Wave . 28 

Single-Signal  Reception . 132-133 

Skip  Distance . 15, 16 

Sky  Wave . 15,  16 

Smoothing  Choke .  179 

Socket  Connections . 284-288 

Solar  Cycle .  15 

Soldering .  108 

Space  Charge . .  *26,  39 

Speech  Amplifiers . . 191-198 

Speech  Amplifier  Design . 101-103 

Speech  Amplifier  Design  Chart . 94-95 

Squegging . 61,  129 

Stability.  Receiver . 48-49,  60-61,  137 

Stability,  Transmitter . 72,211 

Standard»,  Frequency . 250-253 

Standing  Waves .  .  . . 32  326 

Static  Characteristics . 39-  \0 

Static  Charge .  _  2 

Station  Arrangement . 270-271 

Station  Control  System . 271-272 

Station  License . 20-21 

Steatite.  .  .  . .  26 

Storage  Batteries . 25,  263-264 

Stub  Antenna  Matching . 332-333 

Sulphur .  26 

Sunspot  Cycle .  15 

Super-Control  Tubes .  . . 47 

Superheterodyne  Receivers  {see  “Receivers”) 

Superimposed  Currents .  36 

Superregeneration . . 45—46 

Superregenerative  Receivers . 374-375 

Suppressor  Grid .  .  .  . .  46 

Suppressor-Grid  Keying .  . .  224 

Suppressor-Grid  Modulation . 92,  242 

Suppressor,  Noise .  68 

Surge  Impedance .  34 

Swinging  Choke . 174, 178 

Switching,  Antenna . 273-274 

Switching,  Control  System . 281-282 

Switching,  Receivers . 52-53 

Switching,  Transmitter .  87 

Symbols,  Electrical . 280-281 

Symbols,  Schematic .  281 

Synchronization . 29-30 

Tables  and  Charta  ( see  “Charta  and  Tables”) 

Tables,  Operating .  270 

Tank  Circuits . 7 1 ,  80 

Tap  Sizes .  107 

Tapped  Circuits .  35 

Terminated  Line .  34 

Test  Equipment . 128,  255-262 

Test  Oscillators . 254-255,  258-259 

Tetrode  Amplifiers .  77 

Tetrode  Crystal  Oscillator . 73,  210 

Tetrodes .  46 

Thermal  Agitatiou .  57 

Thermionic  Conduction . 25-26 

Thermionic  Emission .  26 

Threads,  Cutting . 106-107 

Threshold  Control .  69 

Thump  Filters . 226-228 

Television .  363 

Time  Constant . 64,  278 

Tone  Control . 54,  137 

Tools .  104 

Tourmaline .  32 

Tracking . 57,  61-62,  135 

Transatlantic  Tests .  10 

Transceivers . 16,  393-401 

Transconductance  (Mutual) .  39 

Transformer .  28 

Transformer  Coupling . .  .35, 101 

Transformers,  I.F . 62-63 

Transmission  Lines  {see  “Antennas”) 

Transmittera: 

Antenna  Coupling . 170-173,  331-332,336-337 

Band-Switching .  87 

Bias  Supplies . 184-186 

Blocking  and  By-Pass  Condensers . 71,82 

Cathode  Bias .  42 

Center-Tap .  71 

Condensers,  Voltage  Rating . 81,82 
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Constructional : 

Complete  Transmitter  Assemblies: 

150-Watt  Grid-Moduiated  'Phone . . .  205 

200-250-Watt  ’Phone-C.W.  Transmitter. .  . .  207 

300' Watt  'Phone-C.W.  Transmitter .  206 

450-Watt  C.W.  Transmitter .  205 

1-Kw.  'Phone-C.W.  Transmitter .  208 

Excitara  or  Low-Power  Transmitters: 

15- Watt  Output  6L6G  Oscillator . 138-139 

20-Watt  Output  6L6  Oso.-Transmitter . . .  139-141 

20-Watt  Output  E.C.O.  Exciter . 144-149 

40-Watt  Output  6L6-6L6  Transmitter.  .  .141-144 
50-Watt  Output  6L6-807  Exciter. .......  149-152 

50-Watt  Output  Band-Switching  Exciter.  152-155 
100- 175- Watt  Output  6L6-6L6-HY51Z 

Transmitter . 155-157 

200-Watt  Output  6V6-807-75T  Transmitter 

157-163 

Power  Amplifiers: 

450-Watt  Input  Push-Pull  Amplifier ....  163-165 
450-Watt  Input  Band-Switching  Amp. .  . .  165-168 
1-Kilowatt  Input  Push-Pull  Amplifier.  .  .  .168-170 

Crystal  Control . . 73-75 

Crystals,  Mounting .  75 

EGO.  Exciter . 144-149 

Efficiency . ...... . 72,  84 

Ëlectron-Coupled  Circuit .  72 

Excitation . 72, 82-84 

Excitera .  87 

Filament  Center-Tap .  71 

Frequency  Modulation  {see  "Frequency  Modulation”) 

Frequency  Multipliers . 71,85-86 

Frequency  Stability. .  72 

Grid-Bias . 42,84 

Grid  Neutral  ization .  78 

Grid-Plate  Oscillator . .  75 

Grounds .  . 37,  187 

Harmonie  Generation . 74,  80 

Harmonie  Sup  pressi  on . 218-219 

Inductance  Tables . 81, 83 

Interstage  Coupling . 76-77 

L-C  Ratioe . .  32 

Link  Coupling .  77 

Load  Impedance .  85 

Metering . 87,  206-209 

Neutralization.  . . 78-80 

Oscillator  Circuits . 72-75 

Output  Coupling .  85 

Parallel  Feed .  . .  71 

Parasitic  Oscillations .  72 

Pentode  Crystal  Oscillators . 74-75 

'Phone  {see  “Radiotelephony  ”) 

Pierce  Oscillator .  74 

Plate  Neutralization .  78 

Portable  {see  “Portable”) 

Power  Amplifiers . 71,  76 

Power  Supply  {see  “Power  Supply”) 

Push-Pull  Operation .  78 

Rack  Construction . . 202-206 

Self-Controlled  Oscillator  Circuits .  72 

Series  Feed .  71 

Tank  Circuits . 71,  80 

Tank  Impedance.  . . 80-81 

Tetrode  Crystal  Oscillators .  73 

Triode  Crystal  Oscillators .  73 

Tri-Tet  Circuit . 74-75 

Tubes . 86 

Tubes  (Tables  ol  Characteristics) 


Ultra-High  Frequency  (ses  “Ultra-High  Frequency”) 

Wiring .  108 

Transceivers . 393-401 

Transmitters: 

224  &  112  Mc.  HY-615  Linear  Oscillator . 389  390 

224  &  112  Mc.  P.P.  HY-615  Oscillator . 390-392 

112-Mo.  7A4  “Pot”  Oscillator . 387-389 

112-Mc.  P.P.  T-40  Linear  Oscillator . 392-393 

112-Mc.  Battery  Transceiver . 394-399 

112-Mo.  1.4-volt  Transmitter-Receiver . 399-401 

66  and  112  Mo.  815  Amplifier . 386-387 

56'Mo.  Battery  Portable  Trans.-Rec . 393-394 

56- Mc.  89-807  Mobile  Unit . 384-386 

56  &  28  Mo.  6L6-S07-HK24  Exciter . 380-382 

56  &  28  Mo.  6E6  Compact  Transmitter . 383-384 

56  &  28  Mc.  P.P.  812  Amplifier . 382-383 

Trapezoidal  Pattem . 234-238 

Trimming  Condensor .  57 

Triode .  39 

Triode  Crystal  Oscillators .  73,  210 

Tri-Tet  Oscillator . 74, 210-2 1 1 

Trouble  Shooting  (Receivers) . 128,  130-131,  135-137 
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Tube  Conversion  Factors  (Chart) .  282 

Tube  Noise .  57 

Tubes  (see  "Vaouum  Tubes”) 

Tuned  Circuits .  31 

Tuned  R.F.  Receiver .  58 

Tuning  Indicators . 651-70 

Tuning  Receivera . 128-134 

Tuning  Tranaraitters . 210-211, 212-220 

Turns  Ratio . 35,  64 

Twisted  Pair  Line . 325, 329-330 

Ultra-High  Frequencies: 

Antenna  Systems . 363, 415-420 

Convcrters,  U.H.F.  Frequency . 365-372 

DX .  363 

Development . 11-12 

Direct-Ray  Transmission .  362 

E-Layer  Transmission . 362-363 

Equipment .  363 

Frequeney  Modulation . 363,  402-414 

Linear  Osciliator  Circuite . 389-393 

Lower-Atmosphere  Transmission .  363 

Performance . 16,  362-363 

Pot  Oscillator . 387-389 

R.F.  Amplifiers . 378-379 

Receivers: 

General . 364-365 


112-Mc.  Acorn-Tube  Self-Quenched  Receiver 

376-377 

112-Mc.  Compact  Self-Quenched  Receiver 


375-376 

1 12-  &  56-Mc.  Converter . 365-369 

56-Mc.  Converter  with  R.F.  Amplifier . 369-370 

56-Mc.  Superheterodyne . 372-374 

56  &  28  Mc.  Mobile  Converter . 365-369 

Three-Band  Separately-Quenched  Receiver 

377-378 

T.R.F.  Superregenerative  Receivers . 378-379 

Superregenerative  Receivers . 374-375 

Television .  363 

Antennas . 344-345 

V-Cut  Crystals .  75 

Vacuum  Tube  Voltmeters . 257-258 

Vaouum  Tubes: 

Beam  Tubes .  46 

Cathodes . . . . . 26,  47 

Characteristic  Curves . 38-40 

Conversion  Factors  (Chart) .  282 

Emission . 25-26 

Multi-Purpose  Tubes .  47 

Operation : 

As  Amplifiers . 39-42 

Class  A .  42 

Class  B . 42-43 

Clasa  C .  43 

Other  Classifications . 43—44 

As  Detectors . 38-39 

As  Oscillators . 44—46 

Pentodes . 46-47 

Ratings  and  Charaoteristics . 289-317 


Rectifiers .  38 

Socket  Connections . 284-288 

Space  Charge . 26, 39 

Symbols . 281-282 

Tables: 

Cathode-Ray  Tubes . 301-302 

Control  and  Regulator  Tubes .  301 

Receiving . 289-300 

Rectifiere . 303-304 

Transmi  tting . 305-3 1 6 

Transmitting  (Television) .  317 

Tetrodes .  46 

Transmitting . 86-87 

Variable-fi  Tubes .  47 

Variable  Selectivity .  66 

Velocity  Microphone .  100 

Velocity  of  Radio  Waves . 32 

Vibrator  Supplies  (Table) .  265 

Vibrator-Transformers . 264-266 

Volt .  23 

Voltage .  23 

Voltage  Amplifioation .  41 

Voltage  Dividere . 50, 188-190 

Voltage  Feed  lor  Antennas .  325 

Voltage  Ratio .  35 

Voltage-Regulated  Power  Supplies . 181-183 

Voltage  Regulation . 170, 181-183,  184-186 

Voltmeters . 255-257 

Volunteer  Code  Practice  Stations  (for  Beginners)  ...  19 

W1AW-WLMK,  A.R.R.L.  Hq.  Station.  Frontispiece,  13-14 

WlINF .  13 

W1MK .  13 

WAC  Certificates . 11,  14 

WAS  Certificates .  436 

WWV  Sehedules .  262 

Warner,  Kenneth  B . 10-11 

Watt .  26 

Wavelength .  32 

Wavelength-Frequenoy  Conversion .  32 

Waveiength  Performance . 15-16 

Wavelengths,  Amateur .  16 

Wavemeter  (see  “Frequency  Meters  and  Monitors”) 

Wave  Traps .  229 

Windohargers .  267 

Wire  Table .  283 

Wiring . 107-108 

Wiring,  Current  Capacity .  285 

Wiring  Diagrams .  37 

Word  Lists  for  Accurate  Transmission .  425 

Workbench .  105 

Workshop  Practice . 104-108 

X-Cut  Crystals .  75 

Y-Cut  Crystals .  75 

Zero  Beat .  129 

Zepp  Feed  for  Antennas .  334 

Zinc .  24 
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